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SUMMARY 
Extracts from immature fruitlets of Vitis vinifera 
yield cyanidin chloride on treatment with strong hydrochloric 
acido The procyanidins which are present have now been 
isolated. Conversion of the procyanidins to methyl ethers 
resulted 1n their satisfactory separation and purification 
by means of counter-current distribution and preparative-
layer chromatography. Two procyanidins, C and D, were 
isolatedo The lower molecular weight procyanidin C, probably 
consisting of a mixture of stereoisomers, was chosen for 
structural study. 
Structural investigation was carried out on the der-
ivatives of procyanidin C by combination of chemical and 
physical methods, including mass spectrometry, NMR, IR and 
UV spectroscopy. Molecular weight data, both from vapour 
pressure osmometry and mass spectrometry, suggested that a 
trimeric condensed flavonoid is involvedo 
The results of elemental analyses and functional group 
determinations indicated that the composition of procyanidin 
C approximated that of a tricatechino The UV spectral data 
was also consistent with procyanidin C being a tricatechin. 
The presence of C-C linked catechin units in procyanidin 
C was established by results from chemical studies. 
Catechin / epicatechin methyl ether was obtained as a fiss-
ion product after mild acid hydrolysis of procyanidin C 
I 
I I 
methyl ether. On vigorous acid hydrolysis, cyanidin 
chloride methyl ether was found as the product of the 
cleavage. 
Infrared data revealed the presence of a band at 
1710 cm-l indicating the presence of an unconjugated carbonyl 
function in the molecule. Possible part-structures to 
accommodate this novel feature include a 3-ketoflavan or 
the open chain equivalent, a diarylpropan-2-oneo The 
latter structure was chosen since 2,4,6-trimethoxybenzoic 
acid was obtained as a degradation product of the methylated 
procyanidin C. 
The mode of linkage between the constituent units in 
procyanidin C 1s considered to be C-C bonds, with c4 and 
c8 being the positions involved. Evidence for c4 -c8 
link-
ages was obtained from NMR and MS data. Additional evidence 
was provided by deuterium labelling experiments. 
On the basis of the combined che~ical and physical 
evidence obtained, the trimeric structure (36), Fig. 15 , is 
proposed for procyanidin C from Vitis. It is sugg ested 
that the other procyanidin isolated (D), represents the 
corresponding tetramer. 
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Ia INTRODUCTION 
The proanthocyanidins are a broad class of naturally 
occurring polyphenols 1 derive~ from a 1,3-diphenylpropane 
system in which the three-carbon bridge is closed to form a 
six-membered heterocyclic ring of the flavan nucleusa By an 
a priori definition, these colourless flavonoids give rise 
to red flavylium salts, the anthocyanidins, when heated with 
strong mineral acids. 
This striking colour development attracted the attention 
1 
of early investigators and it is claimed that Robert Boyle 
made one of the first recorded observations of this conspic-
uous transformation in 1844. Due to lack of knowledge on 
plant colouring matters at that time, the nature of the red 
2 
pigment was not recognised. Staats reported the appearance 
of red colour in the extracts from autumnal leaves of the 
summer lime, Tilia SE.E,o 1 after boiling with hydrochloric acid. 
3 4 
Tswett 1 not only noted this transformation in acidified 
plant extracts on heatin~ but also pointed out chemical and 
physical similarities between the pi gments generated by the 
action of the reagent and the natural anthocyanidins. 
'' 5 Willstatter and Nolan, while working on the isolation of 
anthocyanins from the red rose, Rosa gallica var. rubra, drew 
attention to a marked increase in colour intensity of the 
methanolic hydrochloric acid extracts from dried petals, on 
standing at room temperature. 
- 2 -
The French workers demonstrated similar colour format-
10n in the extracts from Vi tis vinifera under laboratory 
conditions: Laborde 617 found that unripe green or red grapes 
also contained colourless compounds which were converted into 
a red pigment on heating with dilute hydrochloric acid. 
Malvezin8 reported that the chromogen developed colour on 
0 
heating green berries in distilled water above 85, no doubt 
due to the organic acids of the berries, which would be 
about pH 3. 
During his study of the anthocyanins in the developing 
leaves of V. vinifera, Rosenheim9 isolated the chromogenic 
substance as an amorphousJ buff-coloured powder which he 
obtained from both the leaves and the fruit of the plant. 
Rosenheim clearly recognised a close chemical kinship between 
the anthocyanins, occurring in the pigmented organs of the 
plant, and the pigment arising from the action of hot dilute 
hydrochloric acid on the related colourless compound, which 
he named "leuco-anthocyanin". By analogy with the antho-
cyan1ns, the low solubility of the compound in ethyl acetate 
was ascribed to attachment of a sugar molecule to the chromo-
gen. Although Rosenheim did not establish the hydroxylation 
pattern of the coloured product, he postulated an anthocyanin 
carbinol base (1) or (2), Fig. 1, for the natural product. 
This proposed structure was challenged by Robinson and 
10 
Robinson because of the ready conversion of such simple 
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carbinol bases into flavylium salts by cold acids. Instead, 
they advanced the flavan-2,3,4-triol analogue (3), or its 
open chain tautomer (4), Figo 1, as the precursor of 
. R . 11 cyanidin. A later observation by obinson that an 
increased anthocyan idin yield resulted from addition of an 
oxidant (e.g. picric acid) to the hot acid mixture, led to 
the recognition that some proanthocyanidins are at a lower 
state of oxidation than the anthocyanidinso For these 
reasons Bate-Smith 12 proposed the flavan-3,4-diol formula 
(5), Fig. 1, as a more plausible structure for leucocyanidin. 
In the meantime Robinson and his school had been work-
ing on the structure of two compounds yielding flavylium 
salts under laboratory conditions, peltogynol and cyanomac-
10, 13 lurin. The former , isolated from the heartwood of 
Peltogyne porphyrocardia, gave a highly coloured solution 
of peltogynidin with hot mineral acids and was finally 
14 . 15 16 
assigned structure (6) ; Fig. 2. Cyanomaclurin ' , 
obtained from Artocarpus integrifolia, after treatment with 
alkali and subsequent acidification, gave a low yield of the 
synthetic anthocyanidin, morinidin. 17 The hemiketal formula 
(7) F . 2 db 1 R · 18 ld 1 . , ig. , propose y Appe and obinson wou exp ain 
the main features of its chemistry, 19 although some later 
. 20 
evidence demanded the consideration of structure (8), 
Fig. 2. 21 d. d b h Mayer and co-workers isprove ot of the pro-
posed formulas and established the structure (9), Fig. 2, 
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for cyanomaclurin by degradative and NMR evidence. 
Although both of these flavonoids, peltogynol and 
22 
cyanomaclurin, were described as proanthocyanidins, 
neither compound had structure (5), Figo 1, which had been 
suggested for the majority of the naturally occurring members 
of this groupo 
Elucidation of the structure of melacacidin (10), Fig. 2, 
isolated from the heartwood of Acacia melanoxylon by King 
23., 24 . d d d . . h . 1 . d and Bottomley , prov1 e ec1s1ve c em1ca ev1 ence 
for the existence of flavan-3,4-diols in nature and thus 
lent sup port to Bate-Smith's view. Melacacidin showed prop-
erties associated with proanthocyanidins and yielded the 
corresponding anthocyanidin on treatment with hot mineral 
25,26 
acid. Further isolations of flavan-3,4-diols from 
natural sources stimulated research into their chemistry 
and synthesis which made this group of compounds the most 
intensively studied and best understood class of proantho-
cyani dins. 
The extensive survey of proanthocyanidins by Ro b inson 
and Robinson, lO based on colour development from plant 
tissues on hot acid treatment, revealed that these chromo -
gens are very widely distributed in nature and that the 
majority 
In 1948, 
of plant extracts (84%) yield cyanidin, Fi g o 3o 
27 
Bate-Smith introduced paper chromato g raphy for 
the identification of the anthocyanidins; later work by 
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28 29 . 
Bate-Smith and by Bate-Smith and Lerner confirmed 
Robinson's finding and showed that proanthocyanidins were 
30 
mainly confined to plants of woody habit. 
The majority of those flavan-3,4-diols, the structures 
of which have been unequivocally established, however, g ive 
rise to rare or unnatural anthocyanidins containing a re-
sorcinol or pyrogallol A ring. Isolations of proantho-
cyanidins yielding the common anthocya~idins of the phloro -
glucinol series, e.g. pelargonidin, cyanidin and delphinidin, 
have been reported from several laboratories and some of 
these compounds were described as flavan-3,4-diols. In 
some instances the structures and stereochemistry of these 
compounds have been advanced on insufficient experimental 
evidence which cannot be considered as conclusive. In the 
cyanidin series, for example, the number of the flavan-3,4-
diols reported exceeds the number of theoretically possible 
stereoisomersa After the occurrence of flavan-3,4-diols in 
plants became recognised, chromatographic identification 
of the developed pigment was often advanced as sufficient 
evidence for assigning the corresponding flavandiol formula 
to the parent proanthocyanidin. 
Many proanthocyanidin preparations, however, show a 
low solubility in ethyl acetate, a solvent which is known 
to dissolve the simple phenolic flavandiols readily; this 
solubility behaviour h a s been often ascribed to g lycosylation 
9 
of the parent nucleus. Although t h e inclusion of su g ar 
- 6 -
residues may exist 1n some instances, no confirmed isolation 
of a proanthocyanidin glycoside has been reportedo Much 
evidence has been accumulated during recent years, indicat-
in~that many natural proanthocyanidins are not simple flav-
andiols, as once believed. The poor solubility of such 
proanthocyanidins in organic solvents may be explained by 
an increase in molecular weight of these compounds which may 
be dimers or even higher polymers of flavonoid units, con-
taining at least one part-structure capable of yielding a 
coloured flavylium cation with strong acid. 
Weinges 31 formulated the monomeric structures capable 
of yielding anthocyanidins with acids, classifying them by 
oxidation state of the pyran ring. 
The first group, at the oxidation level of the antho-
cyanidins, contains the flav-2-en-3,4-diols and the 
flav-3-en-2,3-diols, or the carbinol bases, with their 
tautomeric flavan-4-ol-3-ones (12) and flavan-2-ol-3-ones 
( 13) ; and the flavan-2,3,4-triol s ( L4), Fi g . 4. No member 
of this group has so far been isolated from a natural source 
and if monomeric compounds containing these structures 
exist in the cell, their isolation would be extremely diff-
icult because of their tendency to yield flavylium salts 
readily on contact with acids. In fact, at the pH of cell 
32-3· 
sap they would probably exist in the form of oxonium salts. 
The second group, comprising the flav-2-en-3-ols and 
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the flav-3-en-3-ols with their 3-keto forms (15), the 
flavan-3,4-diols (16) and flavan-2,3-diols (17), Fig. 5, 
require an oxidative conversion to flavylium salts. Pro-
anthocyanidins corresponding to the structure (16) constit-
ute the well-known group of naturally occurring flavan-3,4-
diols but compounds derived from the formulas (15) and (17) 
have not been yet isolated from plants~ 
The naturally occurring flavan-3,4-diols are sometimes 
divided further into those yielding unnatural anthocyanidins, 
a~d those giving rise to common anthocyanidins of the phloro-
glucinol series. Although this division is arbitrary, as 
the same basic structure is involved, the stabilising effect 
of the 5-hydroxyl reinforces that of the ?-hydroxyl, leading 
to enhanced reactivity of the benzylic 4-hydroxyl, i.eo to 
a more ready loss of this group with concomitant generation 
of a carbonium ion. This would be expected to make this 
group of flavan-3,4-diols much more difficult to handle. 
Naturally occurring and synthetic flavandiols described 
1n the literature are listed in Table 1. 
TABLE 1 
Flavan-3,4-diols and Derivatives 
(i) Compounds yielding unnatural anthocyanidins: 
Compound Sau r c e Reference 
Flavan-3,4-diol Synthetic 35-38 
- 8 -
Compound 
4 1 -Methoxy-6-methyl-
flavan-3,4-diol 
Guibourtacacidin 
7,4'-Dihydroxy-2,3-
cis-flavan-3,4-trans-diol 
-2,3-trans-3,4-trans-
-2,3-trans-3,4-cis-
7,4 1 -Dihydroxy-2,3-trans-
flavan-3,4-trans-diol 
(-)-Leucofisetinidin 
(syno(-)-Mollisacacidin) 
7 3' 4 1 -Trihydroxy-2 3-
, ' ' 
trans-flavan-3,4-trans-diol 
-2,3-cis-3,4-cis-
-2,3-cis-3,4-trans-
-2,3-trans-3,4-cis-
(+)-Mollisacacidin 
(syn.Gleditsin) 
7,3' ,4'-Trihydroxy-2,3-
trans-flavan-3,4-trans-diol 
Source 
Synthetic 
Guibourtia coleo-
sperma 
Synthetic 
Schinopsis quebra-
cho-colorado 
Cotinus coggygria 
Guibourtia coleo-
sperma 
Acacia mollissima 
Gleditschia Japo-
n1ca 
7,3 1 1 4 1 -Trihydroxy-2,3- Synthetic methyl 
trans-flavan-3,4-trans-diol ether 
Teracacidin 
7,8,4 1 -Trihydroxy-2,3-
cis-flavan-3,4-cis-diol 
Isoteracacidin 
7,8,4 1 -Trihydroxy-2,3-
cis-flavan-3,4-trans-diol 
7,8,4 1 -Trihydroxy-2,3-
trans-flavan-3,4-cis-diol 
Peltogynol 
Pel togynol "B" 
Cyanomac 1 urin 
Acacia intertexta 
A b auriculiformis 
A. intertexta 
A. auriculiformis 
A. auriculiformis 
Peltogyne porphyro-
cardia 
Artocarpu s int eg ri-
fo 1 i a 
Referenc e 
39,40,41 
42-44 
44 
45 
46,47 
4 8 
49 
50, 51 
52 
53 
54 
53 
54 
54 
10,13,14 
14 
15,16, 2 1 
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Compound Source 
Melacacidin 
7,8,3 1 ,4i-Tetrahydroxy-2,3-
cis-flavan-3,4-cis-diol Acacia melanoxylon 
Isomelacacidin 
7 , 8 , 3 1 , 4 1 -T e t rah yd ro xy- 2 , 3 -
cis-flavan-3,4-trans-diol A. melanoxylon 
7,8,3 1 ,4'-Tetrahydroxy -2,3- Synthetic methyl 
cis-flavan-3,4-cis-diol ether 
Leucorobinetinidin 
7 3 1 4 1 5 1 -Tetrahydroxy-2 3-, ' , , 
trans-flavan-3,4-trans-diol Synthetic 
7,3' ,4' ,5 1 -Tetrahydroxy-
2,3-trans-flavan-3,4-trans- Synthetic methyl 
diol-2,3-trans-3,4-cis- ether 
(ii) Compounds yielding natural anthocyanidins: 
Compound 
Leucopelargonidin 
5,7,4 1 -Trihydroxyflavandiol 
Leucocyanidin 
5,7,3 1 ,4'-Tetrahydroxy-
flavandiol 
Sou r ce 
Eucalyptus calophylla 
Salacia chinensis 
Synthetic methyl ether 
Butea frondosa 
Bruguiera gymnorrhiza 
B ,. parvi f _lora 
Areca catechu 
Cedrella toona 
Entada scandens 
Groundnut 
Reference 
23- 26 
55 
26,56 
57 
58,59, 
60 
Reference 
61,62 
63 
64 
61,62 
65 
Tamarind seed testa 66 
Leucodelphinidin 
5,7,3 1 ,4 1 ,5 1 -Pentahydroxy-
flavandiol 
Sy nthetic methyl ether 62,67,68 
Cleistanthus collinus 
Eucalyptus pilularis 
Emblica officinalis 
Gossypium F3 P P• 
Qu ercus spp. 
61,69 
61,69 
70 
71 
72 
Synthetic methyl ether 69,70 
PROANTHOCYANIDIN PARENT STRUCTURES YIELDING 
ANTHOCYANIDINS ON OXIDATION OR DISPROPORTIONATION. 
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The monomeric units may be also linked to each other, 
or to a molecule of a flavan-3-ol, resulting in a variety of 
dimeric and polymeric structures. The junction can be by 
an ether or a labile carbon-to-carbon bond, giving rise to 
further structural varietyo On hot acid treatment, these 
complex proanthocyanidins would be expected to suffer cleav-
age of the bonds connecting the flavan units, with the for~-
ation of anthocyanidins. 
73,74 
In 1952, Forsyth announced the isolation of the 
first complex proanthocyanidin from the green fruit of 
Theobroma cacao. The compound, purified by counter-current 
75 
distribution and chromatography, developed cyanidin chloride 
on treatment with boiling hydrochloric acid and yielded an 
octamethyl ether and an octa-acetate, formerly considered to 
* be a deca-acetate. As the methylated derivative reacted 
only slowly with periodate but readily with lead tetra-
76 h . h . acetate, t e proanthocyanidin was thoug t to contain a 
hindered di tertiary 1,2-glycol group. _ When warmed with 
0 
dilute hydrochloric acid at 100, the proanthocyanidin octa-
methyl ether decomposed into (-)-epicatechin tetramethyl 
ether and a non-phenolic com?ound which yielded cyanidin 
chloride tetramethyl ether on a more vigorous treatment with 
* Surprisingly, the authors report
77 that the value 42.1% 
acetyl, reported previously, is erroneous. It is claimed that 
this result was due to the use of alkaline conditions of 
hydrolysis during the determination, which in this class of 
compounds frequently yields excessively high values. 
- 11 -
acid. Although there was no firm evidence for the number 
of the alcoholic hydroxyl groups present in the molecule or 
for the mode and position of linkage connecting the flavan 
75-77 
units, Forsyth and Roberts regarded this proanthocyanidin 
either as a combination of (-)-epicatechin with a 
hydroxyflavan-3-one, joined by a hemiketal bond (18) or (20), 
or as a union of a flavan-3,4-diol with (-)-epicatechin, 
joined by an ether bond (19), Fig. 6. -
0n the basis of facile alkylation of phloroglucinol 
· · 
78 F d b 79 d h "bl . der1vat1ves, reu en erg sug geste t e poss1 e existence 
of proanthocyanidin structures containing labile C-C bonds. 
As proanthocyanidins containing such bonds have been found 
1n nature, it is likely that the dimer from Theobroma also 
80 belongs to this group (21), Fig. 6. Although the main 
structural features of the molecule are known, the detailed 
structure of this dimeric proanthocyanidin is still subject 
to review. 
Two dimeric compounds were repor~ed to occur 1n the 
81 
berries of Crata~us oxyacantha by Freudenberg and Weinges. 
31 
A proanthocyanidin, cleaved by careful warming with 
dilute acid to (-)-epicatechin and cyanidin, was isolated 
by repeated chromatography on a polyamide column and purified 
by trituration with chloroform. The coloured polymeric 
impurities were removed by precipitation from acetone solut-
ion with benzeneo Despite the somewhat crude purification 
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process, the compound was claimed to give satisfactory 
analytical values; however, thin-layer chromatography of 
the prepared octamethyl ether revealed much entrailed 
impurity. As the octamethyl ether was found by acetylation 
to yield an amorphous diacetate, thus leaving an unaccounted 
oxygen atom in the molecule, the ether-linked structures (22) 
and (23), Fig. 7, were advanced for this polyphenol but with 
no further supporting evidence. 
/ 82 
Lewak and Radominska, 
detected three proanthocyanidins in the fruit of Crataegus 
oxyacantha by paper chromatography and they isolated the 
main constituent. Although the compound isolated by the 
Polish workers differed in some of its properties from 
that described by Weinges,
31 
the autho r s maintained that 
it was identical; 
for its structure. 
however they favoured formula (20), Fig. 6, 
The other proanthocyanidin from Crataegus oxyacantha, 
81 
reported by Freudenberg and Weinges, was considered to 
be a union of (-)"epicatechin with the precursor of another 
anthocyanidin, presumably delphinidin. No structure was 
advanced for this natural product. 
Freudenberg and Weinges
83 isolated a proanthocyanidin 
from the fruit of Gleditschi a triacantho s which was de-
. 
composed by acids to (+}-catechin and cyanidin. Without 
* To obtain a better agreement of the analytical v alues 
with theory, it was necessary to postulate the presenc e of 
adhe~ing water in the composition values of both the p hen ol 
and its methyl ether. 
COMPOUND PROANTHOCYANIDINS. 
b) From Crotoegus oxyocontho : 
HO 
OH OH 
(2 2) 
OH 
OH 
c) Fr om Gleditschio trioconthos: 
HO 
HO 
HO 0 ,, 
, 
HO 
( 2 4) 
OH 
FIGURE 7 
OH 
OH 0 
OH 
OH 
.... 
, 
, 
OH 
OH 
( 23) 
- 13 -
presenting any experimental evidence, the authors stated 
that results from hydrolysis and acetylation of this com-
pound favoured a union of the C-2 hydroxyl of the 
2,5,7,3 1 ,4 1 -penta-hydroxy-3-ketoflavan with the C-3 hydroxyl 
of the (+)-catechin unit, joined by a ketal linkage. Form-
ula (24), Fig. 7, was suggested for the structure of this 
proanthocyanidin. 
D . 
84 d h . 1 . f Geissman and 1ttmar have reporte t e 1so at1on o 
an amorphous dimer 1 c30H 26o12 , from 
the seeds of the avocado 
pear, Persea gratissima. It yielded cyanidin chloride on 
vigorous treatment with hydrochloric acid but a mixture of 
catechin and epicatechin was detected after hydrolysis with 
dilute acid (0.05-0.lN) 
0 
at 100 • On this information, 
supported mainly by NMR data, the pro an thocyanidin was po s-
tula ted as a fusion of a flavan-3,4-diol with catechin, 
involving loss of water; the compound was formulated as a 
mixture of two stereoisomers (25) and (26), Fig. Bo A 
plausible mechanism, suggesting C-protonation of the sub-
stituted phloroglucinol moiety, was proposed to explain the 
fission of the connecting link with the liberation of the 
catechins and cyanidin from this dimeric molecule. 
85 
In the hands of Weinges and Freudenberg the amorphous 
proanthocyanidins from cranberries, Vaccinium vitis-idaea, 
and from the nuts of Cola acuminata yielded the first 
crystalline derivatives of polyphetlols of this type. Al though 
----
----
----
----
---~ ~ 
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no structure was proposed for the compound from Vaccinium, 
the dimeric nature of the proanthocyanidin was established 
by molecular weight determination by mass spectrometry of 
the heptamethyl ether diacetate (m/e 758). The molecule was 
reported to contain seven phenolic and two alcoholic 
hydroxyls, three ether oxygens and one double bond. As one 
part-structure of the molecule yielded an anthocyanidin 1 
showing chromatographic identity with cyanidin, the flavan 
units were considered to be joined by a diphenyl ether bond. 
The claim for this ether linkage was not substantiated by 
any further evidence and, if one accepts the unlikely fiss-
ion of such diaromatic ethers by dilute acid, then at least 
one of the products must inevitably contain a phenolic 
hydroxyl arising from the cleavage. 
85 
The condensed proanthocyanidin from Cola acuminata 
was found to have the molecular formula c 30H 26o12 which was 
derived from the main MS fragments of the octamethyl ether 
diacetate (m/e 77 4) • The compound ( 2?) ' Fig. 8, was form-
ulated as containing two catechin units, joined by a labile 
C-C bond, which on treatment with dilute acid breaks down 
into (+)-catechin and the corresponding flav - 3-en-3 - ol. 
Atmospheric oxidation of the latter yields cyanidin which 
is detected. The structure of this procyanidin was confirmed 
86 
by synthesis of its octamethyl ether diacetate which was 
achieved by a direct condensation of the 8-lithio derivative 
- 15 -
of (+)-catechin-3-benzyl-5,7,3' ,4 1 -tetramethyl ether with 
(+)-dihydro-quercetin tetramethyl ether. 
87 
Krishnamoorthy and Seshadri have isolated a compound 
proanthocyanidin from the stem-bark of Myrica nagi. On 
boiling with alcoholic hydrochloric acid, this compound 
yielded delphinidin chloride and on mild acid hydrolysis 
(+)-catechin, identified by chromatography. The absence of 
a 1,2-glycolic group in the molecule was indicated by the 
failure of the methylated derivative to react with sodium 
metaperiodate. From this finding and NMR data it was con-
cluded that the structu r e of this prodelphinidin was analog-
85 
ous to the procyanidin from Cola, in which the 4-position 
of the 5,7,3 1 ,4 1 ,5'-pentahydroxyflavan-3,4-diol was involved 
1n a C-C link with the 8-position of the catechin unit, with 
a loss of water. Although the experimental evidence does 
not exclude the isomeric structure involving the 6-position 
oc the catechin unit, the dimeric prodelphinidin was 
assigned the structure (26), Fig. 8. 
63 
Krishnan and Rangaswarmi reported the isolation of 
a monomeric-, dimeric (two forms) and a tetrameric propel-
argonidin from Salacia chinensis. 
88 Silbereisen and Kraffczyk have obtained a procyanidin 
and a prodelphinidin from barley and malt and the compounds 
were purified by repeated chromatography on polyamide 
column s. Both compounds liberated (+)-catechin when warmed 
- 16 -
with 0.1 N hydrochloric acid and therefore belonged also to 
the group of complex proanthocyanidins and were not simple 
flavan-3,4-diols as reported previously by Harris and 
89 
Ricketts. 
21 
Mayer and co-workers have isolated the first crys-
talline dimeric proanthocyanidin from the seed of horse 
chestnut, Aesculus hippocastanum. This compound also 
yielded cyanidin with concentrated acid and the presence 
of (-)-epicatechin was demonstrated by paper chromatography 
1n the hydrolysate of the compound with very dilute acid. 
This proanthocyanidin may be postulated as arising by fus-
ion of a flavandiol with (-)-epicatechin and two bonds link 
the flavonoid units in a rigid dimeric structure. Structures 
(27)-(29), Fig. 9, have been advanced for this interesting 
compound, but the combined physical and chemical evidence 
tended to be more in agreement with formula (29) which was 
finally chosen by analogies of NMR data with the model 
90 
compound (30), Fig. 9o · 
91 
Drewes and co-workers prepared a crystalline methyl 
ether of (-)-bileucofisetinidin which was isolated from the 
bark of Acacia mearnsii. This 4,6-linked 5-deoxybiflavan 
is the first member of dimeric proanthocyanidins containing 
a resorcinol A ring, and one in which both of the flavonoid 
units are chromogenic. Complete NMR analysis of the methyl 
ether acetate, supported by mass spectral evidence, established 
COMPOUND PROANTHOCYANIDINS. 
f) From Aesculus hippocostonum: 
OH 
(27) 
OH 
HO 0 
OH 0 
(29) 
OH 
OH OH 
I 
' \ OH 
OH 
' 
' 
' 
---
OH 
···oH 
FIGURE 9 . 
(28) 
I 
' I 
OCH 3 
0 
(30) 
···oH 
OH 
OH 
OCH3 
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th e s t ru c tu r e ( 3 1 ) , F i g • 10 , f o r ( + ) - b i 1 e u c o f i s e t i n i di n • 
The extracts of the same plant yielded also three 
related proanthocyanidins 11 F 11 , "B" and 11D11 , affording only 
amorphous derivatives, for which the isomeric structures 
( 3 2 ) and ( 3 3 ) , Fi g • 
92 
10, were proposed. The results of 
acid treatment and hydrolysis of these proanthocyanidins are 
summarised belowo 
Compound Acid treatment Hydrolysis 
"F" Fisetinidin (+)-catechin Rl = R2 = H 
''B'' Robinetinidin II 
Rl 
= OH·R
2 
:: , 
''D'' II (+)-gallocatechin Rl = 
R2 
= OH 
Compounds "F", 11B 11 and 11D 11 constitute a class of 
proanthocyanidins in which the flavonoids of the resorcinol 
series are combined with members of the phloroglucinol ser-
ies by carbon-to-carbon bonds. 
H 
The structures of the dimeric proanthocyanidins, 
reported in the literature before 1965, were based on anal-
ytical evidence and the information derived from identifiabl e 
fission products. Apart from the development of antho-
cyanidins on acid treatment, many of these complex polyphenols 
liberate flavan-3-ols which may be detected and identified 
in the hydrolysate by chromatography. Thus the dimeric 
formulas were reconstructed by joining up the fission prod-
ucts, or their likely precursors, by bonds believed to yield 
COMPOUND 
g) From Acacia mearnsli": 
HO 
(31) HO 
R' 
OH 
HO 0 OH 
OH 
• • 
• HO 
(32) 0 OH 
R" OH 
OH 
PROANTHOCYAN IOI NS . 
OH 
•• -H 
OH 
H 
OH 
OH 
HO 0 
• I 
• (33) HO 
OH 
Compound: 
OH 
-
--
OH 
0 
IIFII- I R1 = R2 = H 
II 8 11 _ I R1= OH, R2 = H 
II D11 _ I R1 = R2 = OH 
OH 
OH 
FIGURE 10. 
OH 
OH 
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to the action of dilute acido Recent structure determinat-
ions, however, are mainly deduced from MS and N11R datao 
Since the introduction of the concept 11 leuco-anthocyanin11 
by Rosenheim, 9 the subject of proanthocyanidins in Vitis 
/ 
vinifera has received attention in the work of Ribereau-
/ 93 Gayon and Ribereau-Gayon who report that acid treatment 
of grape extracts leads to the production of cyanidin, 
although this aglycone is practically absent from the grape 
pigment so In a more recent review, 94 Rib~reau-Gayon lists 
the monomeric flavan-3,4-diols corresponding to cyanidin and 
delphinidin among the constituents of V. viniferao The 
inclusion of these compounds in the list of constituents, 
however, is not supported by any experimental evidence for 
the occurrence of these polyphenols in the plantJ and is 
justified only by a reference to personal communications from 
95 Masquellier (1964) and Hillis (1964). Joslyn and Dittmar 
obtained four proanthocyanidin fractions from grape pomace, 
yielding cyanidin with hot concentrated hydrochloric acid 
and catechin, epicatechin and a variety of unidentified 
phenolic products on hydrolysis with dilute acid. Although 
no structural studies were undertaken, it was advanced that 
these proanthocyanidins contained catechin and 11 leucocy anidin-
like" flavan unitso One proanthocyanidin was reported to be 
probably a diglucoside. 
In the light of these claims, the whole problem of 
- 19 -
proanthocyanidins 1n Vitis has been a subject of much con-
jecture and confused assumption rather than of rigorous 
experimental proof. Therefore the work described in this 
thesis is directed primarily towards the isolation and 
chemical characterisation of the chromogen. 
Since the introduction of tracer techniques, the bio-
synthesis of flavonoids has been an area of active research. 
Although the major metabolic pathways leading to c 15 com-
pounds have been elucidated, very little is known at present 
about the interconversions of the various classes of flavon-
oid compounds and the succession of processes taking place 
in the living plant. It is possible that a diphenylpropane 
intermediate formed at an early stage and exhibiting the 
properties associated with proanthocyanidins, may be the 
metabolite from which the different classes of flavonoids 
are derived. 
22 
Robinson envisaged the cyclisation of such 
an hypothetical intermediate, formed by the combination of 
a c 6 (B)-c 3 unit with a c6 (A) unit, bu~ he maintained that 
the biosynthesis of anthocyanins follows a metabolic pathway 
different from that leading to flavonols. 96197
 This hypo-
thesis received support in the 
. 98 
work by Gr1sebach and 
99 
Grisebach and Bopp; however, contrary findings have been 
supported 
100-102 103-106 by genetic and physiological evidence. 
In spite of prevailing evidence in favour of divergent path-
ways, the situation is far from clearo If there exists a 
- 20 -
common biosynthetic route to proanthocyanidins and antho-
cyanins in Vitis, then the actively growing plant tissue, 
about to develop pigments, should be a rich source of the 
proanthocyanidins. Moreover, a comparison of the coloured 
product developed from the proanthocyanidin , with the 
aglycones of the natural anthocyanins found on full ripen-
1ng, may bring some evidence bearing on the relationship 
of these two classes of polyphenols. 
I.l Nomenclature of the proanthocyanidins. 
The indiscriminate use of a variety of terms found 1n 
the literature to describe compounds yielding anthocyan idins 
on acid treatment, calls for a comment on the nomenclature 
used in this field. The wide range of structural types 
which may be involved greatly complicates the introduction 
of a satisfactory system of naming for this group of com-
pounds, so that any proposed system 1s likely to fall short 
1n some respect. 
The term 11 leuco~anthocyanin 11 , coined by Rosenheim9 on 
the erroneous assumption that the compound was a glycoside, 
was later replaced by 11 leucoa:ithocyanidin 11 , 
13 
which bears a 
formal relationship to the anthocyanidin formed from it. 
This name is not entirely satisfactory for it implies, by 
analo gy with reducible dyestuffs, that leucoanthocyani d ins 
are simple reduction products of the anthocyanidins. This 
- 21 -
. 10 
anomaly was pointed out already by Robinson and Robinson. 
Furthermore, the term "leucoanthocyanidin11 has been used 
by many workers to refer only to monomeric 
like the term 11 catechin 11 for flavan-3-ols. 
flavan-3,4-diols, 
107 
Harborne, 
on the other hand., has used the term 11 1 eucocyani din" to 
describe a dicatechin of the structure (21) or (25)., Fig. 8. 
This usage has been extended to compounds of unknown struc-
ture and employed in survey investigations, where the only 
justification for its use was the development of red colour 
from plant extracts when heated with an acidic reagent. 
Freudenberg and Weinges 
19 have indicated that the term 
11 leucoanthocyanidin11 corresponds to the flav-3-en-3-ol struc -
ture (15)., Fig. 5., the first reduction stage of an antho-
cyanidin., and the authors reserve the name "leucoan tho-
cyanidin hydrate" for flavan-3,4-diols. This term is also 
confusing as phenolic flavan-3.,4-diols often form we ll-
defined crystalline hydrates. Harris and Ricketts
8 9 
endeav-
oured to introduce the term "anthocyanogen" for compounds 
yielding anthocyanidins with hot acids. Prompted by work 
1 h . . 108 s . 109 t d th t on comp ex proant ocyanidins., wain sugges e a 
condensed polymers of flavonols., flavandiols and flavantriols 
should be termed "flavolans"., by analogy with the established 
nomenclature in the carbohydrate field. It was further 
recommended that compounds yielding flavylium salts should 
be ca 11 ed " f 1 a vy 1 o gens" and, when o f po 1 ym er i c nature ., 
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11 f 1 a vy 1 ans 11 • 
A scheme for systematic nomenclature of flavonoids 
d F d d W . 110 . d has been propose by reu enberg an e1nges, intro u c -
1ng the term 11 proanthocyanidin 11 - to include al 1 antho -
cyanidin-forming substances regardless of their structure, 
state of oxidation or degree of polymerisation. This 
111 
term, well in agreement with the etymology of the word, 
h a s no structural implications and is thus preferable to 
the historically older name 11 leucoanthocyanidin 11 • 
For want of a better nomenclature and in order to avoid 
misinterpretation, the term "proanthocyanidin11 wi 11 be used 
throughout this thesis 1n a general sense and systematic 
nomenclature of flavonoid compounds will be employed wherever 
possible. 
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I I • ISOLATION AND SEPARATION 
I I • 1 P 1 ant Mat er i a 1 
The proanthocyanidins have been shown to be distributed 
6-9 throughout the plant, but considering the possible meta-
bolic connection between the proanthocyanidins and the antho-
cyanins, immature fruitlets of the cultivated European vine, 
Vitis vinifera, were selected for the investigation. The 
plant material was collected about two months before commer-
cial harvest, at maximum development of the green stage of 
the berry. The bunches exposed to direct sunlight and show-
1ng sign of pigment formation were rejected. To prevent det-
erioration, the plant material was deep-frozen within 24 
hours after collection. A sample of the fruit is shown below. 
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II.2 Extraction of the plant material 
The solubility of the chromogenic material in common 
organic solvents was examined and methanol, ethanol and 
acetone were found to give efficient extraction at room 
temperature. The evaporation of the extracts left a res-
idue which developed bright red colour with concentrated 
hydrochloric acid in 2-propanol, the proanthocyanidin 
reagent (see Table of Reagents in the Experimental Section). 
The extraction procedure is summarised on the accom-
panying flowsheeto 
The frozen berries were allowed to thaw and, while 
still cool, were disintegrated to a fine pulp which was 
dropped into an excess of cold methanol to inactivate the 
polyphenol oxidases. After an extraction at 4° overnight, 
the mash was filtered and the cake was re-extracted with 
fresh methanol. The combined extracts were concentrated 1n 
a climbing film evaporator at the lowe~t temperature which 
allowed a successful operation of the steam-heated assembly. 
0 
The bulk of the solvent was thus removed below 35 , and the 
0 
temperature was never allowed to rise above 40-45 for any 
length of time. The concentrate was extracted with ethyl 
acetate to remove the low molecular weight polyphenols, and 
the organic solution was dried over anhydrous sodium sulphate; 
when dry, it was concentrated to a small volume under 
EXTRACTION PROCEDURE (SCHEMATIC) 
FRUIT MASH . 
I . Extract wi th methanol . 
2 . Filter through cheese cloth . 
FILTRATE I. 
FILTRATE 2 . 
COMBINED FILTRATES . 
CAKE . 
Blend with fresh 
methanol. 
SOLi OS. 
(Discarded.) 
l Solvent removed below 40°C. 
AQUEOUS CONCENTRATE 
ETHYL ACETATE SOLUBLE 
CONSTITUENTS . 
ETHYL ACETATE INSOLUBLE 
CONSTITUENTS IN AQUEOUS 
PHASE . 
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reduced pressure. The stock of the ethyl acetate concen-
trate was kept in glass vessels, filled with nitrogen and 
stored in a cool room. 
The exhausted aqueous residue was returned to the 
climbing film evaporator to 
acetate. Since tannins can 
remove the dissolved ethyl 
112 be bound by polya~ide, Nylon 
66 paste was added to the aqueous solution and, after 
blending, the saturated adsorbent was filtered out, dried 
to constant weight and stored in polythene bags. This 
treatment completely removed the high molecular weight 
proanthocyanidins as the acidified filtrate failed to develop 
any anthocyanidin on boiling. 
II.3 Identification of the anthocyanidin 
The identification of the anthocyanidin arising from 
acid treatment of the plant material establishes the hyd roxy-
lation pattern of the aromatic rings A . and B of the chromo-
gen and thus gives a lead to the structural type of the 
proanthocyanidin under investigation. 
Aqueous acids were used to generate the pigments from 
1 t t · · h . 1 2 , 2 8 , 30 pan issues int e extensive surveys by Bate-Smith 
and by Bate-Smith and Lerner, 29 but it was soon noted by 
. 113 Bate-Smith and Swain that the reaction was accompanied 
by the formation of amorphous by-products, the 11 phlobaphen e s 11 • 
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An improved yield of anthocyanidin was reported by Pigman 
1 
and co-workers, who heated the plant extracts containing 
proanthocyanidins with 0.6 N HCl in propanol. Swain and 
. . 114 Hi ll is recommended the use of concentrated hydrochloric 
acid in 1-butanol, mainly because of the higher boiling 
point of the mixture, as the reagent of choice for a semi-
qu antitative determination of proanthocyanidins. 
Both isolated fractions, 1.e. the ethyl acetate extract 
an the solids adsorbed on the nylon paste, gave rise to an 
anthocyanidin on heating with the proanthocyanidin reagent. 
The coloured product, purified by distribution between amyl 
alcohol and 1% hydrochloric acid, was exillnined by the foll-
owing procedures:-
(i) Colour reactions and partition behaviour for 
the identification of anthocyanidins 115 sugg-
ested that the pigment may be cyanidin chlor-
( i i ) 
ide. 
Paper chromatography of the developed col-
oured solution, as well as of the pigment 
after partition, revealed that only one 
anthocyanidin was generated from the plant 
extract on heating with hydrochloric acid 
in 2-propanol. The~ values of this 
a :n thocyanidin in four solvent systems agreed 
well with the data recorded for cyanidin 
( i i i ) 
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28 116-118 d 
chloride, ' an the unknown 
anthocyanidin co-chromatographed with an 
authentic marker in these solventso 
The ex&~ination of the UV spectrum of 
the developed anthocyanidin 1n methanol 
containing 0.01% HCl showed an absorpt-
ion maximum at 535 nµi which shifted to 
545 mµ 1n the presence of aluminium 
ions. 1191120 An addition of two drops 
of 2% methanolic aluminium chloride 
solution to the cell produced the same 
bathochromic shift in the absorption 
maxima of the unknown anthocyanidin and 
of an authentic sample of cyanidin 
chloride when examined si multaneouslyo 
The magnitude of the bathochromic shift 
(10 II).U), recorded immediately after the 
addition of the chelating agent was, 
however, less than that reported by 
121 Harborne, (cf. Spectrum 1). 
The characterisation of the coloured product as cyan-
idin chloride was completed by an ex~~ination of the antho-
cyanidin arising by the action of the acid rea g ent on the 
methylated plant extract. Paper chromatography against an 
116,122,123 
authentic sample identified this anthocyanidin as 
ULTRAVIOLET SPECTRUM OF CYANIDIN CHLORIDE(l) . 
ANTHOCYANIDIN DEVELOPED FROM THE PLANT EXTRACT WHEN 
HEATED WITH HCI IN 2-PROPANOL(2). 
ADDITION OF 2 DROPS OF 2%AICl 3 IN METHANOL(la)AND(2a) . 
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cyan id i n ch 1 o rid e 5 , 7 , 3 1 , 4 1 - t e tr am e thy 1 ether • The UV 
spectrum of the methylated anthocyanidin agreed well with 
the spectrum of an authentic sample of cyanidin chloride 
5,7,3 1 ,4 1 -tetramethyl ether; both spectra showed absorp-
tion maxima at 530 m)l which, as expected, did not shift in 
the presence of aluminium ions, (cf. Spectrum 2). 
Following the identification of the developed antho-
cyanidin, and its methylated derivative, as cyanidin chlor-
ide (11), R = H, and cyanidin chloride 5,7,3 1 ,4 1 -tetramethyl 
ether (11), R = CH 3 , Figo 3, respectively, the chromogenic 
material in Vi tis may be described as a procyanidw. 
Chromatographic investigation 
Paper chromatography (PC) of the methanolic fruit 
extracts, or their ethyl acetate soluble components, was 
carried out in solvents recommended for the separation of 
. l h l 124-127 d b"fl "d 128 monomeric po yp eno s an i avpnoi s. To 
detect the procyanidins on paper, the dried chromatograms 
were sprayed with an ethanolic solution of 4-toluenesu lphonic 
. 127 
acid or with glycerol-me thanol-concentrated hydrochloric 
acid 129 0 reagent, followed by heating at 100 for a few 
minuteso As polyphenols containing an active phloroglucinol 
A . f d b S . d H· 11 · 114 . 1 d ring were oun y wain an i is to give a co oure 
substitution product with v~~illin in concentrated sulphuric 
ULTRAVIOLET SPECTRUM OF CYANIDIN CHLORIDE 5,7,3 ', 4' -
TETRAMETHYL ETHER(l) . 
ANTHOCYANIDIN DEVELOPED FROM METHYLATED PLANT EXTRACT 
WHEN HEATED WITH HCI IN 2-PROPANOL(2) . 
ADDITION OF 2 DROPS OF 2%AICl 3 IN METHANOL(la)AND(2a) . 
400 
SOL VENT : Methanol containing 
0 .01% HCI. 
500 530 
SPECTRUM 2 
600 700 
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acid, a modified vanillin reagent was used as a convenient 
chromatographic spray for the detection of such compounds. 
In spite of numerous attempts to chromatograph the 
extracts on paper, the natural mixture of polyphenols proved 
hard to separate. The chromatograms, after spraying with 
the detecting reagents, invariably showed heavy streaks runn-
ing from the origin to the RF of the catechins. These poor 
separations were probably due to the presence in the extracts 
of sensitive high molecular weight polyphenols. Both the 
extracts and the unsprayed chromatograms deteriorated in the 
air, particularly when exposed to light, with the develop-
ment of a reddish-brown colour. 
To overcome the difficulty of separation of the complex 
polyphenol mixture and, above all, to retard the deteriorat-
ion of the constituents, the freshly prepared plant extracts 
were methylated and the separation of the derivatives attem-
pted. This was achieved by standard techniques of polyphenol 
chemistry: Ethereal diazomethane was used for small scale 
methylations serving as chromatographic standard. In prep -
a r ative work, the polyphenols were conv eniently methylated 
with dimethyl sulphate in dry acetone , over anhydrous potass -
ium carbonate. 
Although some flavonoids are not completely methylated 
by diazomethane, the extractives me thylated by both method s 
showed an identical numbe r and pattern of v anillin- positi v e 
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constituents on thin-layer chromatograms (cfa Table 2). 
The protection of phenolic groups by methylation not 
only stabilises the compounds to atmospheric oxidation but 
also prevents their polymerisation through the generation 
of light-induced free radicals, leading to the formation of 
artefacts. The resulting change in the solubility propert-
ies of these polar compounds enables the handling of the 
methylated derivatives in non-polar solvents and thus offers 
a wider scope for their purification. As the degradations 
4 
of proanthocyanidins are usually carried out on the methyl 
ethers, methylation at some stage is an integral part of the 
identification procedure; the sooner this is carried out, 
the less deterioration of the extracted polyphenols is likely 
to take placeo Moreover, the anthocyanidin developed from 
the plant extract on heating with hydrochloric acid was 
identified as cyanidin chloride, a compound containing only 
hydroxyl groups; therefore all phenolic methoxyls found 
after methylation must have been introduced into the chromo-
gen1c molecule. 
130 131 
Thin-layer chromatography (TLC) ' of the plant 
extract, methylated with ethereal diazomethane, effectively 
separated the constituent vanillin-positive compounds. The 
solution of the mixture in acetone was appli ed to standard 
plates (20 x 20 cm) coated with a 0.25 mm thick layer of 
silica gel and the plates were developed in the solvent 
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system, benzene-acetone (3:1 v/v; TLC so 1 v en t 1 ) • The 
separated methylated compounds were detected as cherry red 
spots which appeared after spraying the dried plates with 
the vanillin reagent. As this reagent detects all compounds 
containing a reactive phloroglucinol A ring, this separation 
had to be followed by an examination of individual compounds 
for anthocyanidin production. After spraying only the edge 
of a fully loaded plate, the corresponding unsprayed zones 
were marked out and the adsorbent containing the separated 
compounds was scraped off. The use of plates coated with 
fluorescent silica gel (Kieselgel GF 254 , Merck) improved the 
technique. The positions of the bands, visible under UV 
light, wer e determined by co-chromatography of a ma rker and 
the zones containing the separated compounds could be sharply 
marked out. The eluates from the removed adsorbent were 
heated with the proanthocyanidin reagent on the water b ath 
to detect the anthocyanidin-yielding compounds. 
The mean result of separations of _methylated flavonoids 
1n TLC solvent 1 is shown in Table 2. 
TABLE 2 
,,, 
,,, 
Compound ~ Proanthocyan-idin reaction 
Al o. 83 1.54 ne g ative 
A2 0.79 1. 46 negative
 
Bl epic at es;J].in TME'"''' 0.58 1.07 ne gative 
B2 catechin ... , ...... , ... 
TME''''I' o. 54 1.00 negative 
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_,, 
,,, 
Compound RT.' 1.. 
Proanthocyan-
idin reaction 
cr 1 
c2 
0 {°1 
D2 
,:, ,::: :,~ 
procyanidin ME 
J ...... , ...... , ... 0.44-0046 0081-0.85 
,,._ "'f"' ... I' 
procyanidin ME 
... , ...... , ...... , ... 
....... ... ,... ....... 
procyanidin ME 
... , ..... , .......... 0.28-0.34 0.52-0.63 
....... ...... "I' 
procyanidin ME 
,,, 
,,- ~ is the RF of the compound relative 
RF of (+)-catechin tetramethyl ether. 
values listed above are the mean of 14 
arations and vary by 0a02 RF unit. 
,~,:, TME is tetramethyl ether. 
,:,,:0 ~ ME is methyl ether 
positive 
positive 
to the 
The RF 
sep-
The spots of the methylated procyanidins C and D 
appeared as pairs of closely running compounds and were 
This therefore designated c 112 and D 1 , 2 , r
espectivelyo 
double-spotting of the methylated procyanidins resembled 
the two closely running spots of the methyl derivatives of 
132 
the diastereomeric catechins occurring in the planto It 
is p r obable that the procyanidins, compounds related to the 
catechins, also exist in two series of geometrical isomers 
1n Vitis. Despite repeated attempts, reliable separation 
of these pairs of compounds (c 1 2 , D 1 2 ) could not be , , 
effectedo 
The appearance of vanillin-positive streaks on paper 
chromatograms has suggested that some polymeric procyanidin 
of low mobility may be present in the extracto The 
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possibility that this material was not of natural or1g1n 
had to be seriously considered. For this reason, the con-
stituents of freshly crushed berries, or a freeze-dried 
me thanolic extract, were examined by paper chromatography 
and found to give the same result as an aged extract. 
II.5 Separation of the methylated constituents 
(i) Column chromatography: 
As column chromatography has been used for the separation 
of 1 . 133 . d d d h some f avono1ds, 1t seeme a vantageous to exten t e 
successful thin-layer chromatography adsorbent-solvent 
systems to preparative work. Although several modifications 
of column chromatography have been tested, perfect separat-
ions of the individual constituents were never achi evedo The 
adsorbents investigated were silica gel, neutral alumina of 
normal activity and deactivated by the addition of water, 
134 
135 
magnesium oxide and polythene powder. _ Solvent systems 
for the elution were mainly based on petroleum ether or 
benzene, with the addition of polar solvents such as ethyl 
acetate or methanol. Fractions of the eluates were rout-
inely examined for Vill~illin-positive compounds by thin - layer 
chromatography. A tendency to separate was often found but 
t n e distribution of the compounds in the collected fraction s 
showed too much overlap. To overcome this difficulty, very 
- 34 -
long columns with slow flow rates had to be used and often 
several repetitions of the procedure were needed to obtain 
sma 11 quantities of purified compounds. The most serious 
drawback of the column chromatography, however, was the 
deterioration of the applied methylated extracts while in 
contact with the surface of the adsorbents during the sep-
a r ation. Such columns became frequently discoloured even 
when protected from direct light and when degassed solvents 
were used for the elutiono 
( i i ) Counter-current distribution: 
Separation of mixtures by counter-current distribut-
136 
10n depends primarily on the choice of a pair of immis-
cible solvents in which the constituents show differential 
partition behaviour. The most common system used for the 
separation of flavonoid compounds, ethyl acetate-water or 
137 
buffer, had little chance of success with the methylated 
compounds which are virtually insoluble in water. 
I h f · t b 1 1 t t 
13 8
' 
13 9 the ~ searc or a su1 a e so ven $YS em, 
partition behaviour of the constituents was examined 1n 
different solvents. A mixture of petroleum ether (b.p. 
60/80°; 660 parts), ethyl acetate (660 parts), methanol 
(480 parts) and phosphate buffer (0.05 M; pH 7; 120 parts) 
provided a suitable solvent system which, after equilibrat -
. 00 10n at 2 , separated into 980 parts of the upper and 940 
parts of the lower phase. The almost equal volumes of both 
- 35 -
phases satisfied also the solvent economy of the operation. 
In a test separation, carried out in a manual counter-
current apparatus, thirty transfers resulted in enrichment 
of the tubes 5, 6, 8, 11 and 13, corresponding to the 
procyanidins n1 , 2 and c1 , 2 ; th
e catechins B 1 2 and the , 
compounds A 1 and A2 , respectively. 
Flavonoids containing vicinal hydroxyl groups react 
with the ,borate ion, and such complexing became the basis 
of an electrophoretic separation of related methylated 
f d · 1 
140 S · . 1 1 f 1 1 . d . th h lavan 10 So 1m1 ar y, lavono g ycos1 es w1 ort o-
phenolic hydroxyls, were separated from their monohydroxyl 
. 1. 1 1 . d . h b 141 analogues on a s1 1ca ge co umn impregnate wit orate. 
The addition of borate buffer to the lower solvent phase, 
however, did not affect the partition behaviour of the meth-
ylated constituents. 
The result of a typical separation 1s shown 1n Table 
3. 
On completion of the counter-current distribution 
(640 transfers), the tubes containing the separated methy -
lated constituents were combined, the solvent diluted with 
an equal volume of water and the compounds thus transferred 
to the organic layerso The aqueous phases were extracted 
with ethyl acetate and the combined organic solutions, after 
washing with water, were dried over anhydrous sodium sul-
ph ate. The methylated procyanidin fractions (tubes 76-105 
- 36 -
TABLE 3 
Counter-current Separation of Methylated Flavonoids 
45 g mixture in a 240 tube apparatus (20 ml each phase) 
Stage Transfers 
I • 240 
I I. 360 
III. 460 
IV. 560 
v. 640 
Tubes combined 
Partition 
co - e f f i c i en t ( K ) 
We ight of residue 
Peak tubes estimated by TLC 
(only tubes 80-220 examined) 
* 60 80 110 150 , 130 
80 100 140 160-170 
90 110-120 160 190 
100 130 170-180 210 
76-105 126-135 161-185 206-220 
0. 1 7-
o. 20 
o. 24-
0. 27 
2.55g 0.90g 
o. 36-
0. 39 
lo65g 9.45g 
Fraction A 1 (3.95 g) was separated after 
3 60 t r ans f er s ; 
K = 0 . 6 8 -0 • 7 6 
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and 126-135) were concentrated in a rotary film evaporator 
at room temperature and the last portion of the solvent was 
removed by means of a vacuum pump provided with a liquid 
nitrogen trap. The methylated procyanidins were isolated 
by dissolving the residues in dry ether and precipitating 
the compounds by an addition of equal volume of petroleum 
0 
ether (b.p. 40/60; A.R.) . The precipitated compounds 
were filtered out and the filtrates were diluted with another 
volume of petroleum ether to complete the precipitation. 
Although the methylated procyanidins C and D (0.008% and 
0.022%/fresh weight of berries), isolated by this procedure, 
appeared on thin-layer chromatograms as pairs of closely 
running compounds, they were distinctly separated from and 
uncontaminated by other vanillin-positive constituents of 
the mixtureo The compounds in this stage of purity were 
satisfactory for chemical degradations and cleavage react-
ions. Samples required for elemental analyses and physical 
measurements were purified by preparative thin-layer chrom-
atographyo 
I I. 6 Preparative thin-layer chromatography 
Th e high resolving power of preparative thin layers of 
adsorbent on glass plates (PLC}, combined with the speed 
of separation, enabled the preparation of the isolated com-
pounds in high state of purity. Although layers up to 2 mm 
- 38 -
thickness were recommended for preparative-layer chromato-
graphy of som e . 14 2, 143 . f d h h mixtures, it was oun t at t e 
resolving power of these thick layers was considerably 
decreased a nd sharp separations of closely running com-
pounds were impeded. As the aim of the tech nique was a 
rigorous purification of the methylated procyanidins, 
standard 20 x 20 cm plates coated with 0.25 mm thick layers 
of silica gel (Kieselgel GF 254 , Merck), loaded with 20-25 mg 
of substance were used. To assure chromatographic purity 
of the separated compounds, the samples were rechromatographed 
twice in different solvent systemso The purity of the eluted 
methylated procyanidins was finally checked on a control 
plate sprayed with concentrated sulphuric acid to ensure 
that no entrailed organic material was pres ent in the sample. 
As the methylated procyanidins purified by preparative-
layer chromatography failed to crystallise, they were iso-
lated by precipitation from ether solution by an addition of 
e x cess petroleum ether 0 ( b • p • 40 / 60 ; A_.R. ) • 
.... 39 ... 
I I I • STRUCTURAL STUDIES 
The structural investigation of the procyanidins was 
undertaken by a combination of physical and classical methods 
which are described below. The details of analyses and 
molecular weight determinations are included in the 
Experimental sectiono 
I I I. 1 Elemental composition 
The results of elemental analyses and functional group 
determinations of the procyanidin derivatives are summarised 
in Table 4 and the composition values of some related flav-
onoid derivatives are collected in Tables 5 and 6. The 
analytical data of the derivatives of procyanidins C and D 
com~are favourably with the composition values of the related 
f 1 avono ids. The accepted experimental error in combustion 
analysis (0.3o/o) does not permit the der.ivation of exact 
molecular formulas of high molecular weight compounds. 
As can be seen from Table 4, the determined composition 
values of the derivatives of procyanidins C and D correspond 
to an empirical formula within the range (c 19 _ 20H20 _ 2206-?)n. 
These probably contain four methoxyls and one alcoholic 
hydroxyl in each constituent unit. 
The analytical samples were dried 1n vacuo (60°, P 2o5 ), 
- 40 -
or conditioned by an exposure to air, to establish whether 
the values obtained should be corrected for adhering moisture, 
31 
as was reported for related compounds. The analytical res-
ults showed that neither procyanidin derivative was hygro-
scopic and therefore no correction for retained water was 
applied. 
TABLE 4 
Elemental composition of procyanidin derivatives 
Pro cyan id in C methyl ether 
_,_ 
-,-
Me 1 t in g range : 104-112° 
fa] 23 = (-)84.1; 
578 
r a] 23 ( - ) 9 7 • 1 ; 546 - fa]
23 
= (-)18407 
436 
( c = Oo 7 in acetone) 
o/o C o/o H o/oO o/o8H 0 3 
64.94 6.21 28.06 34.58 
(.to. 4 6) ("to. 31 ) (-to. 6 5) ( '!:o. 6 s) 
... , ...... , ... 
.. r- .... , ... 
Procyanidin C methyl ether acetate 
107-109° 
o/oCH 3CO %Act .H 
... o. 28 
(!:0.02) 
Mel ting range: 
23 fa] 578 = (-)18.5; r (1 J 23 = ( - ) 21 • 4; 546 fa] 
23 
= (-)40.4 
436 
(c = 1.0 in acetone) 
% C % H % 0 o/oCH 30 o/oCH 3CO %Act .H 
64.67 6 .07 28.25 32.65 
(a) 
10. 30 ( ) -
8.60 b 
cto . 5 2 ) ( "to . 7 4 ) ct1.26) ct 2 • 5 5 ) cto . 20 ) 
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Procyanidin C exhaustively methylated 
% C o/o H % 0 o/oCH 30 
65055 6.46 27.90 39.40 
(±0.05)(±0.05){ ~0.so) {~ 2.10) 
... , ..... , ..... , ...... , ... 
... , ...... , ...... , ...... , ... 
Procyanidin D methyl ether 
% C % H %0 
65.32 6.28 27.75 33.97 
{~0.08)(~0.06){~0.60) (~0.85) 
Procyanidin D methyl ether acetate 
% C o/oH % 0 
64.36 6.55 28.20 29.55 
... , ...... , ..... , ... 
........ ... , ...... , .... 
o/oCH3CO 
o/oCH CO 
3 
o/oCH3CO 
12 .00 { a) 
* ** *** **** Means of 7 , 6 , 2 and 3 analyses 
(a) by chromic - sulphuric a cid 
{b) by methanolic potassium hydroxide. 
%Ac t .H 
-
%Act .H 
o. 28 
+ {-0.03) 
%Act .H 
... 
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TABLE 5 
Elemental composition of flavonoid derivatives 
Compound o/o C o/oH o/o 0 o/oCH 30 o/oCH 3C0 o/oAc t .H 
Catechin 5,7,3~ 
4 1 -tetramethyl 65.88 6.40 27.71 35.90 - o. 29 
ether, 
c 19H22o 6 ; 346. 39 
Acetate, 
c 21H 24o7 ; 338. 42 64.94 6. 3 2 28.8
3 32.02 11.08 
Catechin 3,5,7; 
3 1 ,4 1 -pentamethyl 
ether, 66.65 6.71 26.63 43 .05 - -
c 20H 24o 6 ; 360. 41 
5,7,3' ,4 1 -tetra-
methoxy f 1 a van- 62.97 6012 30. 90 34.31 - -3,4-diol, 
Cl 9H 2 2 0 7 ; 3 6 2. 3 9 
Di acetate, 
c 23H 26o 9 ;446.46 61.87 5.87 32.25 
27.85 19.28 
3,4,5,7,3 1 ,4 1 -
Hexamethoxyflavan 
c 21H 26o7 ;390.44 64.60 6.71 28.68 
4_7.69 
- -
Dihydroquercet in 
5, 7, 3' , 4 1 - tetra- 63.32 5.59 31.08 34.51 - o. 28 
methyl ether, 
Cl 9H 20 0 7 ; 3 60. 3 5 
Acetate, 
c 21H 22o8 ;402.41 62.67 5.51 31. 80 30. 90 10. 70 
Dihydroquercetin 
3 , 5 , 7 , 3 ', 4 1 - pent a- 6 4 1 
methyl ether, • 5 5.92 29.91 41.44 - -
C 20H 2 2 0 7 ; 3 7 4 • 3 8 
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TABLE 6 
Elemental composition of c 4 -c8 linked polycatechin derivat-
ives (35), Fig. 14 
Methyl ether, 
R ::: H J, 
n''' = 1 ; C 1 9H 2 2 0 6 
346.39 
n= 2 ;C38H420l2 
690. 76 
n= 3 ; C 5 7H 6 2 O 1 8 
1035.13 
Methyl ether 
acetate, 
R = COCH3 
n= 1; C21H2407 
388042 
n= 2 ; C 4 2H 4 6 O 14 
774083 
n= 3 ; C 63H68021 
1161.23 
Exhaustively 
methylated, 
R = CH3 
n= 1; C20H240 6 
3 60. 41 
n= 2 ; C 40H 4 6 O 1 2 
718.81 
n= 3 ; C60H680l 8 
1077. 20 
J, ,,.. 
n = 
"lo C "/o H "lo 0 o/oCH 30 o/oCH 3CO %Act .H 
65088 6.40 27.71 35.90 
-
o. 29 
66.07 6.13 27.79 35.94 
-
o. 29 
66.13 6.04 27.82 35.97 o. 29 
64.94 6.32 28.83 32.02 11.08 
-
65.10 5.98 28.90 32.04 11. 11 
-
65.16 5.90 28.93 32.07 11.12 
-
66.65 6.71 26.63 43 .05 ... 
-
66.83 6.45 26.71 43.17 
- -
66.90 6.36 26.73 43.21 ... 
-
number of flavonoid units 1n the polycatechin 
cha· n. 
... 44 -
In the determination of active hydrogen, the methylated 
procyanidins C and D gave the value 0.28. Although this 
144 
determination is likely to be subject to error,. the 
analytical values are of the same order as can be expected 
from a catechin tetramethyl ether and thus they are in good 
agreement with the calculated value for one active hydrogen 
1n each constituent unit. 
The acetylation of the methylated procyanidins, as well 
as the analytical procedures used for the acetyl determin-
ation, presented the first problem - the complete acetylat-
ion of a complex high molecular weight polyphenol, which 1s 
likely to contain hindered hydroxyls in the molecule. 
Although both methylated procyanidins C and D were found to 
contain active hydrogen, they failed to acetylate in the 
standard method used by the microanalyst. Acetylation at 
0 
100 was not successful and resulted 1n a breakdown of the 
compounds, as revealed by thin-layer chromatography. The 
acetates of the methylated procyanidins_ C and D were pre-
pared by prolonged action of acetic anhydride in pyridine 
as described in the Experimental section. 
77 
Forsyth and Roberts reported that alkaline hydrolysis 
of the acetate from the dimeric proanthocyanidin from 
Theobroma led to erroneously high acetyl values. This 
anomaly possibly could be explained by a partial decomposit-
ion of the phloroglucinol A ring. As this could not easily 
- 45 -
occur with the methylated derivatives, acetyl was usually 
determined by hydrolysis with methanolic potassium hydroxide. 
84 Geissman and Dittmar used a modified Kuhn - Roth analysis 
for the determination of acetyl in the proanthocyanidin 
isolated from Persea gratissima but did not state their reas-
on for doing so. In the pre sent work, the values obtained 
by the modified Kuhn-Roth method (10.30%) were higher than 
those resulting from the alkaline hyd rolysis (8.60%) and it 
was suspected that some volatile acid might have arisen from 
the proanthocyanidin by the reaction with chromic acid. In 
blank determination, carried out with procyanidin C methyl 
ether, the Kuhn-Roth method yielded volatile acid equivalent 
to 1 • 6% ace t y 1 • 
The exhaustively methyiated derivative of procyanidin 
C was prepared by reacting procyanidin C methyl ether with 
methyl iodide over silver oxide. 
IIIo2 Determination of molecular weight 
The mo 1 ecul ar weight of procyanidin C and D me thy 1 
1 4 5 
ether was determined by vapour pressure osmometry. 
This method allows the determination of the liberated 
heat of condensation that results from the difference 1n 
vapour pressure between the solvent and the solution. The 
ensuing temperature difference between a drop of the solvent 
- 46 -
and of the tested solution suspended in the saturated 
atmosphere of the solvent, 1s recorded by means of a thermo-
couple. The molecular weight is read directly from a cal-
ibration curve prepared by measuring incremental concentrat-
ions of a reference compound. 
The determination of molecular weight gave the follow-
ing results: 
Procyanidin derivative 
Procyanidin C methyl ether 
Procyanidin D methyl ether 
Molecular weight 
1031, 1043 
1503 , 15 7 I 
The determined molecular weights show that procyanidins 
C and Dare not stereoisomers but probably represent success-
ive stages of polymerisation of the constituent flavonoid 
unitso 
Unless specifically stated, the structural investigation 
was confined to the derivatives of the lower molecular weight 
procyanidin C. 
III.3 Ultraviolet spectroscopy (UV) 
The ultraviolet spectrum of procyanidin C methyl ether 
1 n 9 5"/o e th an o 1 shows a s i n g 1 e peak, A max 2 7 4 mµ 1 1 o g £ 3 • q S, 
A comparison of the absorption of procyanidin C methyl 
ether with that of (+)-dihydroquercetin 5,7,3 ' ,4 1 -tet ram e thyl 
- 47 -
ether and (+)-catechin 5,7,3' ,4'-tetramethyl ether is shown 
in Spectrum 3. The >,. max of catechin tetramethyl ether is 
at 2 7 5 mµ , 1 o g e 3 • 5 , w hi 1 e t ha t o f di hydro q u er c et in t e tr a -
methyl ether is located at 282 mµ , log € 4.3. The absorp-
tion maximum of procyanidin C methyl ether is at the same 
146,147 
wavelength as that of catechin tetramethyl ether; 
the determined extinction coefficient suggests a molecule 
containing a similar chromophoric system. The observed 
increase in absorption of procyanidin C methyl ether is much 
less than expected from a conjugated carbonyl, such as 
(+)-dihydroquercetin 5,7,3 1 ,4 1 -tetramethyl ether. 
III.4 Infrared spectroscopy (IR) 
The infrared spectrum of procyanidin C methyl ether 
shows the characteristic absorption associated with methoxy-
benzenes (cfo Spectrum 4). I t ha s bands at 15 20 and 1 t:D0 
-1 
cm , 
-1 typical for substituted ben z enes, _a band at 1220 cm , 
typical for aromatic ethers and a broad hydroxyl band at 
3500 -1 cm 
• The most unusu a l feature of the spectrum is a 
band of medium intensity that appears in the carbonyl region 
-1 
at 1710 cm • The absorption in this region is a most 
unexpected finding for the proanthocyanidins. 
For measurements made in KBr pellets, the carbonyl 
stretch frequency for flavone was reported to be within the 
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range 1647 cm-l 148 to 1680 -1 149 cm , with the most reliable 
6 -1 150,151 wavelength at 1 50 cm . In carbon tetrachloride, 
the carbonyl absorption was found to occur 
and in dimethylformamide and Nujol at 1660 
at 1649 
-1 
cm • 
-1 152 
cm 
As shown in Spectrum 5, the carbonyl absorption of 
dihydroquercetin 5,7,3 1 ,4 1 -tetramethyl ether occurs at 
-1 -1 153 1670 cm (cf. 1660 cm ) and that of 5,7,3 1 ,4 1 -tetra-
1665 Cm-l Th b 1 b . f methoxyflavanone at • e car ony a sorpt1on o 
the open chain form of the 5,7,3i ,4 2 -tetramethoxyflavan-2,3-
diol was reported at 1673 -1 154 cm • 
The spectral evidence suggests that none of these flavo-
noids are part-structures of procyanidin C. 
Synthetic flavandiones 155 have two bands 1n the carbonyl 
region: -1 -1 one near 1700 cm and the other near 1770 cm • 
This absorption is similar to that of cyclic 1,2-diketones. 
156 
For example, Adler and co-workers have shown that camphor-
-I quinone absorbs at 1760 and 1776 cm o 
are 
of 
-1 Related compounds which absorb in -the 1700 cm region 
157,158 
the 2-benzyl-2-hydroxycoumaranones, the derivatives 
l,3-diphenylpropan-2-one 159 and 3-ketoflavan. The reported 
carbonyl stretch frequency of the dihydrochalcone derivatives 
160 . 
at 1694 and 1705 1s probably due to the o<-acetyl, since 
the related 1,3-diphenylpropan-l- on e was found to absorb at 
-1 161 
1681 cm , as expected from a conjugated ketoneo When 
unprotected, the derivatives of 3-ketoflavan a re very l abile 
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compounds which revert to the anthocyanidins readily when 
32-34 
treated with acids. Nevertheless, a 2-linked 
3-ketoflavan was included in the structure of a carbonyl -
F d d W
. 83 
containing procyanidin, proposed by reu enberg an einges 
( 24) , Fig. 7. 
The carbinol base of cyanidin chloride 5,7,3 1 ,4'-
tetramethyl ether, prepared by the action of sodium carbonate 
on the anthocyanidin, suggested itself as a suitable model 
compound for a comparison. The infrared absorption of this 
-1 
derivative shows a band in the 1700-1710 cm region which 
is similar to the absorption of procyanidin C methyl ether 
(cf. Spectrum 6). Although the carbinol bases are frequently 
written in the enolic form as the derivatives of 2-hydroxyflav-
162,163 3-en-3-ol, the spectral evidence indicates that they 
exist primarily in the 3-keto form. 
The infrared spectrum of procyanidin C methyl ether 
acetate (cfo Spectrum 6) shows two peaks in the carbonyl 
region. 
-1 Next to the 1710 cm band, that is present in the 
methyl ether, there is a new band at 1730 
of the acetyl c a rbonylo 
....1 
cm , characteristic 
The infrared spectrum of procyanidin D methyl ether 
(cf. Spectrum 4) is very similar to that of procyanidin C 
-1 
methyl ether, but the intensity of the band at 1710 cm is 
much weaker. 
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III.5 Nuclear magnetic resonance (NMR) 
The NM spectrum of procyanidin C methyl ether shows a 
broad pattern of signals, in which the unresolved areas of 
absorption approximate in chemical shift, the signals of 
(+)-catechin 5,7,3 1 ,4 1 -tetramethyl ether (cf. Spectrum 7), 
which gives the following signals (r( values): 
3 • 20 ( R i n g B , 3 H ) ; 4.00 (Ring A, 2 H); 
5 • 50 ( C 2 , 1 H ) ; 6 • 10 ( C 3 , 1 H ) ; 6 • 20 ( CH 3 0 , 1 2 H ) ; 
7 • 10 - 7 • 30 ( C 4 , 2 H) ; 8. 40 (OH, 1 H) • 
The NMR spectrum of procyanidin C methyl ether acetate 
resembles the spectrum of (+)-catechin 5,7,3 1 ,4 1 -tetramethyl 
ether acetate (cf. Spectrum 8), which shows the following 
s i gn a 1 s ( ,f v a 1 u e s ) : 3 • 20 ( R i n g B , 3H ) ; 4.00 (Ring A, 2 H); 
4.85 (C3, 1 H); 5.10 (C2, 1 H); 6.20 (CH30, 12 H); 7.30 
(C4, 2 H); 8.20 (CH3CO, 3 H) • Due to the deshielding effect 
of the acetyl group, the c 3 proton of (+)-catechin 5,7,3
1
,4 1 -
tetrarnethyl ether acetate has shifted downfield, to give a 
doublet at 4.85 Y . The absorption of the c 3 proton in 
(+)-cat echin 5, 7, 3' , 4 1 - t et rame thy 1 ether occurs at 6. 10 r( , 
a region which is masked by the intense methoxyl signal. 
The approximate assignment of protons in procyanidin C 
methyl ether acetate 1s listed in Table 7. The principal 
resonances are compared with the analogous signals of 
(+)-catechin 5,7,3' ,4 1 -tetramethyl ether acetate and the 
l 
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octamethyl ether 
164 
::: COCH3 ) • 
. . 165,166 The NMR spectrum of the trimethylsilyl der1vat1ve 
of procyanidin C methyl ether (cf. Spectrum 9) shows a 
pattern of aromatic and methoxyl resonances that is similar 
to that of the methyl ether acetate, with the signals of the 
trimethylsilyl protons appearing at 9.90 and 10.12 7 . The 
presence of two distinct highfield sign a ls in the spectrum 
suggests that the procyanidin C methyl ether molecule contains 
two kinds of hydroxyl-yielding trimethylsilyl etherso 
Table 8 shows the a p proximate assignment of protons 1n 
the trimethylsilyl derivative of procyanidin C methyl ether. 
The values are compared with the corresponding resonances of 
the trimethylsilyl derivatives of (+)-catechin and(-)-
epicatechin 5,7,3 1 ,4 1 -tetramethyl ether. 
TABLE 7 
Assignment of protons in acetates of methylated flavonoids 
Procyanidin C methyl ether acetate 
Protons Aromatic 
Ring Ring 
B A 
Approx- 2.7 ... 3.6-
4.2 imate 3.5 
chemic al 
shift in 
Y values 
Aliphatic CH 30 CH 2 
C4 
4.4-4.9 
5.3-5.6 
7 .o-
7. 3 
CH3CO 
8.0- 7.8-
8.3 7.9 
8.7 
9.1-
9.2 
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(+)-Catechin 5,7,3 1 ,4'-tetramethyl ether acetate 
Protons Aromatic 
Chemical 
shift in 
Ring Ring 
B A 
ry' v a 1 u e s 3 • 20 4.00 
Integ-
ration 3 2 
Aliphatic 
C3 C2 
4.85 5. 10 
1 1 
6. 20 7.30 
12 2 
CH
3
co 
8. 20 
3 
c4 -c8 linked dicatechin octamethyl ether diacetate, (35), 
Fi g. 1 4 , ( n = 2 , R = COCH 3 ) • 
Protons Aromatic 
Chemical 
shift in* 
Ring Ring 
B A 
Aliphatic 
C3 C2 
CH3CO 
f"Jvalues 2.5-4.0 4.3-5.5 6.0-6.5 7.1-7.3 8.05 
Integ-
ration 9 
* 
5 24 2 6 
V 1 f K W . l 164 a u es rom • e 1 n g es et a o 
24 
46 
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TABLE 8 
Assignment of protons 1n silyl derivatives of methylated 
f 1 avonoid s 
Procyanidin C methyl ether silyl derivative 
Protons Arom3. tic Aliphatic CH3O CH 2 Si(CH3 ) 3 Ring Ring C4 B A 
Approx- 2.7- 3.6- 4.7-4.9 6.1- 7 .o- 9.90 8.7-
imate 3o5 4.2 5.4-5.9 6.5 7.3 10. 12 8.9 6.1 
chemical 9.2-
shift 1 n 9.4 rrvalues 
(+)-Cat echi n 5,7,3' ,4 1 -tetramethyl ether silyl derivative 
Protons Aromatic Aliphatic CH 0 CH 2 Si ( CH 3 ) 3 Tot-Ring Ring C3 C2 3 al C4 B A 
Chemical 
shift 1 n 
J"values 3.18 4.05 6 .10 5.60 6.20 7.40 10. 15 
Integrat-
10n 3 2 1 1 12 2 9 30 
(-)-Epicatechin 5,,7,3 1 ,4 1 -tetramethyl ether silyl derivative 
Pro tons Aromatic Aliphatic CH 3O CH 2 Si (CH3 ) 3 Tot-Ring Ring C3 C2 C4 al B A 
Chemical 
shift 1 n 
7""'values 3.14 3.85 6. 10 5.70 6.20 7. 20 10. 11 
Integrat-
10n 3 2 1 1 12 2 9 30 
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167,168 . 
The signals of the trimethylsilyl protons 1n the 
derivatives of (+)-catechin 5,7,3 1 ,4 1 -tetramethyl ether and 
in (+)-dihydroquercetin 5,7,3 1 ,4 1 -tetramethyl ether are 
found upfield from the 1MS standard, located at 10015 
and 10.08 7 , respectively, as shown 1n Spectrum 10. The 
resonance of ~he trimethylsilyl protons does not seem to be 
greatly influenced by stereochemistry, as the corresponding 
signal in the trimethylsilyl derivative of (-)-epicatechin 
5,7,3 1 ,4 1 -tetramethyl ether appears at 10.ll 'T . 
The trimethylsilyl ether of 5,7,3' ,4 1 -tetramethoxy-
o 
flavan-3,4-diol (isomer m.p. 172) shows two distinct signals, 
located at 9. 83 and 10.23 T (cf. Spectrum 9). The chemical 
shift of the 0-trimethylsilyl protons at the 4-position 
appears downfield from that at the 3-position by about lS 
to 20 cps and is thus · similar to the resonance of the phen-
olic or enolic trimethylsilyl ethers. 
The nuclear magnetic resonance spectra of the derivat-
ives of procyanidin Care not sufficie~tly resolved to allow 
a complete assignment of signals belonging to each group of 
protonso Although the positions of the main signals are 1n 
general agreement with the values for related complex 
84,87,91,92 
proanthocyanidins reported in the literature, the 
assignment of some of the poorly resolved signals must be 
considered only as tentative. The high molecular weight of 
procyanidin C which probably consists of a mixture of 
CATECHIN TETRAMETHYL ETHER SILYL DERIVATIVE 
A 
~ - --
I 7 
CHC1
1 
I 
0 • • • • • • • • • 
I 
2 3 5 6 7 8 9 
DIHYDROQUERCETIN TETRAMETHYL ETHER SILYL DERIVATIVE 
B 
17. 
9 
TMS 
c: 11r 1 ... ~ t 
---------.-Iv" '""- j --_..J 
I 
• • • ' ' 
0 2 3 4 5 6 7 8 9 10 r'-1 
SPECTRUM 10 
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stereoi somers, and the presence of a contaminant that is 
inseparable by preparative-lay er chromatography, are the 
likely factors responsible for the poor definition of the 
spectra. 
Attempts were made to measure the spectra at elevated 
temperature but the resolution did not improve when the 
0 
spectra were recorded in a heated probe at 95 • 
. 84,169 The ratios of the main groups of protons, 
obtained by integratio~, have proved to be useful parame ters 
for the description of the procyanidin C molecule. The 
determined ratios of protons in procyanidin C methyl ether 
acetate are compared with the corresponding calculated ratios 
in a model compound, the c 4-c linked tricatechin dodecame
thyl 
8 
ether triacetate, c 63H68o 21 , which is shown in (35), Fig. 14 
The results of this assessment are 
summarised in Table 9. 
~-
TABLE 9 
Ratios of protons in procyanidin C methyl ether acetate 
Integration 
Ring B/A 
protons 
CH30 
aromatic 
pro tons 
1 2 3 4 5 6 7 8 9 10 
2 0 34 2.26 2.29 2.21 2.30 2.17 2.27 2.36 2.35 2.24 
2.97 3.05 2.89 3.20 3o27 
11 I Mean 
value 
- I-
2.28 
3 .001 3 .06 
CH30 / 
total 
protons 
o. 50 0.43 0.55 0.45 0.47 
lJ1 
0.4410.47 <J's 
CH3CO j 
aromatic 
protons 
CH 30/ 
ring B 
protons 
Ow49 
4.28 
o. 5 1 0.53 0.58 0.55 0.57 0.48 0.5910.54 
4 .i 40 4.23 4.60 4.17 4.361 4.34 
The corresponding calculated values for tricatechin dodecamethyl ether triacetate, 
c 63H68o 21 (ring A protons= 4, ring B protons= 9, CH 30 protons= 36, 
CH3co protons 
= 9, fatal protons= 68) are: 
Ring B/A protons= 2.25; 
CH30/aromatic protons= 2.77; CH 30/total protons= 0.53; CH 3CO/aromatic protons= 0.69; CH30/ring B protons= 4.0. 
t 
I 
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The ring B/ring A proton ratio, which is an index of 
polym erisation of the polyflavonoid chain, has the mean 
value 2.28 which departs significantly from the valu e 2.0, 
expected from a C-C(A ring ) linked dimer. The mean integ-
rated value 2.28 approaches closely the value 2.25, calcul-
ated for a C-C(A ring) linked triflavonoid. This finding 
is therefore in good agreement with the order of molecular 
weight of procyanidin C methyl ether as determined by vapour-
pressure osmometry. 
The CH30/aromatic proton ratio has the mean value 3.06, 
whereas the corresponding ratio in the c4 -~ 8 linked tri -
is 2.77. Similarly, catechin, containing twelve methoxyls, 
the CH30/ring B proton ratio, 4.34, is higher than the value 
4~0 expected from the tricatechin derivative. 
aromatic proton ratio, 0.54, is lower than the value 0o69 
that is calculated for the tricatechin derivative, contain-
ing one acetyl group in each constituent unit. The CH30/ 
total proton ratio, 0.47, is also lower· than the value 0 0 53, 
expected from the compound of reference. 
mass 
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I I I. 6 Mass spectrometry (MS) 
The major fragmentation pathway of flavonoids in the 
spectrometerl 70-l 76 is a retro-Diels-Alder (RDA) which 
resQlts in the cleavage of the heterocyclic ringo To estab-
lish the characteristic fragmentation pattern, mass spectra 
of some related flavo noids with the same substitution pattern 
were determined. 
The mass spectra of (+)-catechin 5, 7,3' ,4 1 -tetramethyl 
ether and 6,8-d 2-catechin-5,7,3
1 
,4'-tetra.'11ethyl ether are 
shown in Spectrum 11. The principal ions which result in the 
fission a ppear in Figure 11. 
( + ) -Cat e chi n 5 , 7 , 3 ' , 4 1 - t e t ram e thy 1 e the r ( m/ e 3 4 6 ) 
cleaves in the RDA manner with simultaneous hydrogen transfer, 
to yield the ion I, m/e 167 (OD 1), which is derived from 
the A ring of the molecule. The veratrole Bring leads to 
ion II, m/e 180 (OD 1). Further fragmentatioa of ion II 
gives rise to a benzyl (or tropylium) ion V, m/e 151 and the 
ion IV, m/e 137, neither of which 1s 0-deuteratedo The ion 
m/e 195 (OD 1), which contributes to the ion I by loss of 28, 
proved also to be a source of the ion m/e 137. 6 8-d -
' 2 
Catechin-5,7,3 1 ,4 1 -tetramethyl ether (MW 348), prepared by 
deuteration of the methylated catechin with D20, illustrated 
this point (cf. Spectrum 11). The base peak (m/e 167) is 
shifted to m/e 169 and the same shift of two mass units is 

CRACKING PATTERN 
CATECHIN T M E 
( D) 
OCH 3 
m/e 346; 34 8 ', 02) 
(D) 
( D) ( D) OCH 3 
+ 
H3CO H t H3 CO OH OCH 3 
I m I • 
c,..... c~o 143·2 (D) •• (D) CH2 HC H II 180 OCH 3 OCH 3 HC, II . m/e 
m. m;e 195 (D2) I . m /e I 6 7 ( 02) OH 
112 ·4 
(D) OCH 3 
+ 
H3CO 
.. ·-
H3 CO + CJ(CH3 
( D) OCH 3 
OCH 3 
m/e 137 (D2) m/e 137 ll .m/e 151 
nz. 
FIGURE 11 . 
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shown by the ions, m/e 195 and a portion of m/e 137. Ions 
derived from the Bring, however, such as m/e 180, 151 and 
the residue of 137 show no shift. 
The mass spectra of 5,7,3 1 ,4 1 -tetramethoxyflavan-3,4-
diol and of (+)-dihydroquercetin 5,7,3 1 ,4'-tetramethyl ether 
are shown in Spectrum 12, and the principal ions which result 
appear in Fig. 12. 5,7,3 1 ,4 1 -Tetramethoxyflavan-3,4-diol 
(2,3-trans-3,4-cis isomer) cleaves in the RDA manner to give 
the ions I, m/e 183 (OD 1) and II, m/e 180 (OD 1). The 
characteristic ion, m/e 183, which involves a hydrogen trans-
fer, contains only one hydrogen which is exchangeable with 
D20 and is therefore represented by th
e isomeric aldehyde 
structure to which it rearranges. A similar mode of fission 
occurs in (+)-dihydroquercetin 5,7,3' ,4 1 -tetramethyl ether 
which shows the ion I, m/e 181 (OD 1) and the ion II, m/e 180 
( OD 1) • 
The mass spectrum of the exhaustively methylated derivat-
ive of procyanidin C extends into the mass range expected from 
a methylated triflavonoid, as shown in Spectrum 13a. 
The ions in the high mass range, m/e 1046, 1060, 1076, 
1090 and 1104 are of low intensity and differ by 14 mass 
units, and probably correspond to related species that differ 
d h . 177 in egree of met ylat1on. 
In the middle mass range, the principal fragm ents that 
arise in the fission of the exhaustively methylated derivative 

CRACKI NG PATTERN 
H3COVOH 
I ~ C ,...-OH 
~ 
m/e 183 (OD I) OCH 
3 OCH 3 
OCH 3 
m m/e 316 
FLAVAN -3,4 - OIOL TM E 
OC H3 
m/r 362 (OD 2) 
... ~OCH3 
HC~ II 
II m/e 180 (O D I) 
HC, 
OH QCH3 
(1/'~o 
nz: m/e 16~ 
(OD I) 
HCJ___) 
I 
H~+ 
OH 
DI HYDROQUERCET IN TM E OCH 3 
H3CoyoH/ 
I ~ C 
m/e 181 {OD I) ~O 
m 
m/e 331 
OCH 3 
(OD I) OCH 3 
OCH 3 
m/e 360 (OD I) 
OCH 3 0 
OH ~oOCH3 OCH3 
•. ~ I n 
HC II m/e 180 (OD I) 
He, 
OH 
OH 
OCH 3 
I 0 
OCH 3 
nz: m/ e 209 {OD I) ~ m/e 193 
FI GU RE 12 


- 60 -
of procyanidin C occur at the same mass numbers a s tho s e of 
the ions established for 4 -( p ent am e t hy lcat echy l)-5,7,3 r , 4' -
tetrametho xyflavene-(3), 164 wh ich is shown in (3 4 ), F i g . 13. 
The peak, m/e 718 can t h erefore be ex? lai n ed b y th e loss of 
one unit from the exhaustively methylated procyanidin C with 
a simultaneous hydrogen transfer, to give the ion corres-
ponding to dicatechin decamethyl ether (35), Fig. 14, 
n = 2, R = CH 3 • Further f
ragmentation then involves a loss 
of methanol to yield the ion I, m/e 686, (34), Fig. 13. 
As shown in Fig. 13, the elimination of the second molecule 
of methanol gives the ion II, m/e 654 (metastable ion, m/e 
624.2). The cleavage of I in the RDA manner gives rise to 
the ion III, m/e 492 and the ion IV, m/e 194, which is the 
base peak of the spectrum. The ion IV fragm ents furth e r to 
give V, m/e 179 (metastable ion, m/e 165 .. 2). 
The masses and relative intensities of ions from the 
fragmentation of the exhaustively methylated procyanidin C 
are collected 1n Table 10. They are compared with th e masses 
and relative intensities of ions arising in the fission of 
4-(pentamethylcatechyl)-5,7,3' ,4'-tetramethoxyflavene-(3) 
and of (+)-catechin 3,5,7,3' ,4 1 - p entamethyl ethero This 
similarity of fragmentation between the exhaustively methyl-
ated procyanidin C and 4-(pentamethylcatechyl)-5,7,3 1 ,4 1 -
tetramethoxyflavene-(3) is taken as evidence that the 
,:,: The structure of 4-(pentamethylcatechyl)-5,7,3' ,4 1 -
tetramethoxyflavene-(3), shown in Figure 13, is written 
in the uncharged form but it represents also the 
corresponding ion( + . ). 
IONS OF EXHAUSTIVELY METHYLATED PROCYANIDIN C 
CH30 :;;,,- I 0 
~ 
I. CH 30 
m/e 686 
OCH3 
~ OCH3 CH30 
I~ CH 0 
- CH30H 3 
OCH3 • 624· 2 
(34) 
I I. 
m /e 654 
+• H 0
--~• HC __ _,.~ 'C 
II •165•2 I 
..... c, ....... c~0+ 
H o,CH3 H 'cH3 
IV . V. 
m /e 194 m /e 179 
FIGURE 13 
c4-c8 LINKED POLYCATECHIN 
DERIVATlVES 
OR 
OR 
0 
METHY L ETHER R=H 
METHYL ETHER ACETATE 
EXHAUSTIVELY METHYLATED 
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TABLE 10 
Fragmentation in flavonoid derivatives 
Procyanidin C exhaustively methylated derivativeo 
m/e 1104 1102 1092 1090 1076 1060 1046 980 966 
952 938 926 
abundance 
( %) of base 0.03 0.02 0.04 0. 11 0.04 0.06 0.04 0 .05 0. 1 o. 1 0.4 0.8 
peak 
m/e 913 912 898 866 852 851 776 762 7
58 746 733 732 
abundance 
I 
( %) of base 5.3 10. 6 4. 1 1.2 0.4 0.3 1.6 2.2 1.7 1.3 3 .o 5.3 O' 
peak 
I--' 
I 
m/e 718 700 686 673 655 654 492 477 461 387
 373 355 
abundance 
( %) of base 5.6 6.8 27 14 6.0 5.6 21 8.5 11 4.5 5.3 2.5 
peak 
-
m/e 3 41 327 313 299 246 195 194 181 179 167 165 
151 
abundance 
( %) of base 14 23 21 26 14 55 100 19 40 11 15 55 
peak 
~ 
~ 
m/e 
abundance ( %) of base 
peak 
-
m/e 
abundance 
( %) of base 
peak 
m/e 
abundance 
(%) of base 
peak 
~~ 
4-(Pentamethylcatechyl)-5,7,3 1 ,4 1 -tetramethoxyflavene-(3), 
m/e 686 (34), Fig. 13 
686 655 492 477 461 
100 28 73 34 44 
327 194 179 165 
6.0 12 7.5 8.9 
(+)-Catechin 3,5,7,3 1 ,4 1 -pentamethyl ether m/e 360 
360 328 313 297 238 194 180 179 167 
31 100 33 30 53 72 8 33 11 
* Data from K. Weinges et a1.
164 
355 
·6.0 
151 
25 
151 
29 
0--
N 
I 
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procyanidin contains a part-structure similar to the dimeric 
reference compound. 
The mass spectrum of procyanidin C methyl ether showed 
a peak at m/e 704 which does not exist in the spectrum of the 
~ 
~ 
exhaustively methylated derivative. Due to the low volatil-
ity of the compound, no significant peaks above m/e 704 were 
detected. The exact mass gave the values 704.2846, 704~2858, 
704.2793 and 704.2819 which established the elemental compos-
ition of the fragment as c 39H44o12 and excluded the alternat-
ive composition c 38H40O13 (Expected: 704.283280 and 
178 704.246895, respectively). The peak m/e 704 is very poss-
ibly due to the ion of dicatechin nonamethyl ether 
(c
39
H
44
o
12
) that arises by the loss of a unit from a procyan-
idin C derivative with higher order of methylation. On this 
basis, the 10n m/e 704 would be analogous to the 10n m/e 718 
arising in the fragmentation of the exhaustively methylated 
derivative of procyanidin C. A possible explanation of the 
ion m/e 704 is that dimethyl sulphate caused partial methyl-
ation of one of the alcoholic hydroxyls at c 3 of the procyan-
idin C. Such admixture of the more volatile derivative con-
taining the additional methoxyl probably would not be detected 
in preparative-layer chromatography due to the high molecular 
weight of the compounds, and it would inevitably be entrailed 
1n the sample of procyanidin C methyl ether. 
cf. Spectra 13a and 13bo 
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III.7 Degradations 
The reaction of procyanidin C methyl ether with con-
centrated hydrochloric acid in 2-propanol, the proantho-
cyanidin reagent, produced cyanidin chloride 5,7,3 1 ,4'-
tetramethyl ether as the only identifiable producto 
. . . 179 h 1 In a semiquantitative determ1nat1on, t e c eavag e 
of procyanidin C methyl ether with concentrated hydrochloric 
114 0 
acid in 1-butanol for 1 hr at 100, yielded cyanidin 
ch 1 or id e 5 , 7 , 3 1 , 4 1 - t et ram et h y 1 ether in 11 • 9% y i e 1 d 
(expressed on the basis of one chromogenic unit). 5 7 3'4'-, , . 
Tetramethoxyflavan-3,4-diol (mixture of epime rs at c 4 ), 
treated simultaneously under identical reaction conditions, 
yielded cyanidin chloride 5,7,3' ,4 1 -tetramethyl ether in 
30.0o/o yield. 
The yield of cyanidin chloride 5,7,3 1 ,4 1 -tetrame thyl 
ether from procyanidin C methyl ether was not increased when 
the reaction was carried out in the p~esence of benzo-
. 180 qu1none. 180 Jurd found that benzoquinone increased the 
yield of the anthocyanidin obtained from a flavan 3,4-diol, 
tetramethyl leucocyanidin. The boiling of procyanidin C 
methyl ether with ethanolic hydrochloric acid, in the pres-
ence of zinc dust, resulted in a low yield, less than lo/o, of 
cyanidin chloride 5,7,3 1 ,4 1 -tetramethyl ether. 
The hydrolysates of procyanidin C methyl ether with 
- 65 -
dilute hydrochloric acid (about 0.05 N), 20% acetic acid 
or water-dioxan mixture, were found to contain catechin/ 
epicatechin 5,7,3' ,4'-tetramethyl ether, identified by thin-
layer chromatography, as the main oligome ric compound ; A 
weak spot of a vanillin-positive compound, RF 0.79, was 
also detected. The hydrolyses did not go to completion and 
some spots of low RF were always present. 
Procyanidin C methyl ether was hydrolysed with 2CJ'/o 
acetic acid in a sealed ampule which was immersed in a boil-
ing water bath for 16 hr. Catechin/epicatechin 5,7,3 1 ,4 1 -
tetramethyl ether was isolated from the ethyl acetate extract 
of the hydrolysate by preparative-layer chromato graphy in 
42.9% yield (expressed on the basis o{ one catechin unit). 
The fraction, containing the vanillin-positive compound, 
RF 0.79, was also isolated (5% by weight of starting mater-
ial) but this cleavage product deteriorated rapidly, with the 
formation of a yellow oil. It was not identified. 
The high recovery of ethyl acetate soluble cleavage 
products had su g gested that no water soluble fragments were 
formed. Nevertheless, the extracted hydrolysates were con-
centrated under reduced pressure and examined by paper 
chromatography. No sugars could be detected after spraying 
181 
the developed chromato grams with aniline phthalate. 
The main product of cleavage of procyanidin C methyl 
ether with boron trifluoride etherate or with anhydrous 
- 66 -
aluminium chloride, carried out 1n dry ether, was catechin/ 
epicatechin 5, 7,3' ,4' -tetramethyl eth e r. Apart from the 
vanillin-positive compound, RF 0.79, observed in the hydroly-
sates obtained from the dilute acid treatments, no other 
cleavage products could be d etected by thin-layer chromato-
graphy. 
In contrast to the ready cleavage with acids and elec-
trophiles, basic reagents had little effect on procyanidin 
C methyl ether, except when vigorous reaction conditions were 
employed. Thus, heating with 0.8 N sodium hydroxide or three 
equivalents of potassium tertiary butoxide in dimethyl sul-
phoxide gave no identifiable fission products. However, the 
reaction of procyanidin C methyl ether with an excess of 
potassium tertiary butoxide in dimethyl sulphoxide gave ver-
atric acid in 42.2% yield and 2,4,6-trimethoxybenzoic acid 
in 29.7% yield (expressed on the basis of three veratrole 
residues and one 2,4, 6-trimethoxybenzene residue, respectively).' 
No carbonyl-containing or phenolic prod cts were detected 
1n the reaction mixture by thin-layer chromatography. 
Fusion of procyanidin ~ methyl ether with potassium 
182 
hydroxide gave veratric acid as the main product; traces 
of 2,4,6-trimethoxybenzoic acid and 2-hydroxy-4,6-dimethoxy-
183 
benzoic acids were also detected by paper chromatography. 
Oxidation of procyanidin C methyl ether with potassium 
184 
p e rmanganate in acetone gave a high yield of veratric acid 
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(53.7% yield, expressed on the basis of three veratrole 
residues). No phenolic acid was detected from this oxidation. 
Oppenauer oxidation was attempted in order to establish 
whether one of the constituent flavonoid units could be con-
verted to a flavonol system, as has been possible with the 
flavan-3,4-diols. 24 However, this oxidative treatment had 
no effect on procyanidin C methyl ether. 
The infrared spectra of the procyanidin C derivatives 
-1 
contained a band at 1710 cm , which suggested the presenc e 
of an isolated carbonyl. An attempt was made to reduce the 
detected carbonyl in procyanidin C methyl ether with potass-
ium borohydride in methanol. Al though this reagent reduces 
dihydroflavonols readily, 62 the methylated procyanidins were 
unaffected by this treatment. 
-1 The band at 1710 cm did not 
disappear, even after refluxing procyanidin C methyl ether 
with lithium aluminium hydride in ether. 18
5 
186 
The preparation of an ox1me catalysed by sodium acetate, 
187 
or 1n pyridine solution was also unsuccessfulo As expected 
from the infrared absorption at 1710 cm-
1
, procyan idin C methyl 
/ 188 
ether gave a negative Pacheco test for dihydroflavonol. 
I I I. 8 Cleavage and labelling reactions with 
deuterium oxide 
The cleavage of procyanidin C methyl ether with 0.05 N 
- 68 -
DCl, with 20% CH 3COOD in D 20 or with D 20 - dioxan mixture 
was found to yield 6,8-d 2-catechin/epicatechin 5,7,3
1 
,4 1 -
tetramethyl ether o The yield of the purified deuterated 
product varied from 24.4% for cleavage in D 20 - dioxan, 
to 40.0% for cleavage in 20% CH 3COOD in D 20, expressed on 
the basis of one catechin unit in the molecule. The deuter-
ation pattern of the product was not altered when the react-
ion was carried out under reducing conditions in the presence 
of zinc dust. 
The positions of the deuterons in the isolated catechin/ 
epicatechin 5,7,3 1 ,4'-tetramethyl ethers isolated from the 
cleavage, were determined by nuclear magnetic resonance (cf. 
Spectrum 15)o It was found that the signal of the A ring 
protons at 3.8 7 had disappeared. Therefore, both nu c lear 
protons of the A ring in the isolated catechin/epicatechin 
5,7,3 1 ,4'-tetramethyl ether have been exchanged for deuter-
i um. This unexpected result was confirmed by evidence from 
mass spectrometry. The molecular ion of the product was 
found at m/e 348 and all of the ions derived from the phloro-
glucinol A ring showed an increase of two mass units (cf. 
Spectrum 11). 
In view of the results obtai ned for the cleava g e of 
procyanidin C methyl ether in deutero-solvents, it was n ec -
essary to pe r form control reactions with related compounds. 
To this end, several methoxybenzenes were h e ated with D 20 -
dioxan mixture in sealed ampules and the isolated products 
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were ex&~ined by nuclear magnetic resonance. 
are shown below. 
The results 
Compound Deuterium exchange 
of nuclear protons 
(% by NMR) 
Methoxybenzene nil 
1,2-Dimethoxybenzene nil 
1,2,3-Trimethoxybenzene 20 
1,2,4-Trimethoxybenzene 15 
1,3,5-Trimethoxybenzene 100 
The complete exchange of the nuclear protons of 
1,3,5-trimethoxybenzene (cf. Spectrum 14) under these very 
mild reaction conditions is of particular interest. Since 
many flavonoids contain a phloroglucinol system, it 1s not 
surpr1s1ng that they show a tendency to polymerise and to 
react with weak electrophiles such as the vanillin reagent. 
The protonation of 1,3,5-trimethoxybenzene by sulphuric acid 
189 led to the exchange of nuclear protons by deuterium. The 
only mechanism possible here is a reversible substitution 
b D+ 1 d db K d Ch. 190 h . d y 1 as was cone u e y resge an 1ang w o ex~~1ne 
this compound under a variety of conditions. 
The susceptibility of some flavonoid ethers to deuter-
1um exchange was investigated also. The results of heating 
flavonoid methyl ethers in D 20 - dioxan mixtures 1n sealed 
A 
I 
0 
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0 
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ampules are shown below. 
Compound 
(+)-Catechin 5,7,3 1 ,4 1 -tetramethyl 
ether 
(+)-Dihydroquercetin 5,7,3 1 ,4 1 -
tetramethyl ether 
5,7,3 1 ,4'-Tetramethoxyflavan-3,4-diol 
( m. p. 172~ 
5,7,3 1 ,4 1 -Tetramethoxyflavan 
Deuterium exchange 
of nu c lear protons (% by NMR) 
100 
Nil 
Ni 1 
100 
The complete exchange of both nuclear protons of ring 
A in (+)-catechin 5,7,3 1 ,4 1 -tetramethyl ether was demon-
strated by mass spectrometry (cf. Spectrum 11) and con-
firmed by nuclear magnetic resonance (cf. Spectrum 15); 
the protons of the veratrole ring were not affected (cf. 
Spectrum 15). 
The failure of (+)-dihydroquercetin 5,7,3 1 , 4 1 -tetra-
methyl ether to undergo deuterium exchange can be satis-
factorily reconciled with the deactivation of the A ring 
by the adjacent carbonyl group. 
Th e failure of 5,7,3 1 ,4 1 -tetramethoxyflavan-3,4-diol 
to undergo deuterium exchange raises an interesting point. 
If the opening of the h e terocyclic ring and hence the re s -
ulting carbonium ion were the determining fact r, then the 
4-hydroxyl could only be expected to enha nce the stability 
0 
6,8·d2 CATECHINMETHYL ETHER 
A 
2 4 
B 
~--
6,8-d~ CATECHIN/EPICATECHIN 
METHYL ETHER 
2 3 
I 7 
5 6 
n 
5 6 
SPECTRUM 15 
7 8 9 JQPPM 
----
, ------- -
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by internal solvation. This does not seem to be the case. 
A possible explanation for the failure to exchange could be 
due to deprotonation of the JC or 0V complex by the adjac-
ent pair of electrons on the hydroxyl oxygen atom 1 which 
can bend over the A ring to some extent. It 1s really 
immaterial whether there 1 s a 7G complex formed before the 
exchange, because the approach of the deuteron is almost 
. d h ~ d O . d I 191 certainly towar st e / ~ bon. k1 an wamura have 
shown by a comparative infrared examination of the position 
of the hydroxyl group, that benzyl alcohol.s and phenyl-
ethanols undergo internal protonation in the JC bond. 
I I I. 9 Preparation of reference compounds 
The preparation of the reference compounds used in the 
investigation is described in the Experimental Section. 
The reduction of (+)-dihydroquercetin 5,7,3 1 ,4'-
62 
tetramethyl ether by sodium borohydride in methanol was 
found to yield two epimeric flavan-3,4-diols which were 
separated by fractional crystallisation (main isomer, m.p. 
0 O 
172 , 64% yield and the other 1 somer, m.p. 202 , 28% yield). 
As this reduction is unlikely to alter the configuration 
at c 2 and c 3 , the relative stereochemistry of the flavan-
3,4-diols can be determined by a comparison of the coupling 
192 
constants of the c 2-c3 and c3 -c 4 pro tons. The NMR spectrum 
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o f th e t rime thy 1 s i 1 y 1 e th er o f 5 , 7 , 3 ' , 4 1 - t e t ram e tho xy f 1 av an -
3.,4-diol (main isomer., m.p. 0 172 ) is shown in Spectrum 9o 
The coupling constants of this isomer are J 2,3 = 9 cps and 
J 3,4 = 2 cps. As the coupling constants depend on the 
dihedral angle of the bonds, the inspection of models showed 
that the main isomer of the reduction had the relative con-
figuration of a 2,3-trans-3,4-cis dial. Since the absolute 
configuration of (+)-dihydroquercetin 5.,7.,3 1 ,41 -tetramethyl 
193 
ether is known (2 R: 3 R - trans)., then the absolute 
configuration of the flavandiol is 2 R: 3 R-trans-3 R: 4 S-
Ci S • The other isomer (m.p. 0 202) obtained in the reduction 
must be 2 R: 3 R-trans-3 R: 4 R-trans. 
Cyanidin chloride 5,7,3 1 ,4 1 -tetramethyl ether was con-
veniently prepared by heating a mixture of the crystalline 
epimers of 5.,7,3 1 ,4 1 -tetramethoxyflavan-3,4-diol with the 
proanthocyanidin reagent. In order to examine its IR spectrum, 
the unstable carbinol base of cyanidin 5.,7,3 1 ,4 1 -tetramethyl 
ether was prepared by the action of aqueous sodium carbonate 
on the methanolic solution of the oxonium salt. Although 
this spectrum was rather broad (cf. Spectrum 6), it showed 
-1 a prominent band at 1700-1710 cm • This absorption is sim-
. 1 h d . 159 i ar to tat reporte for 1,3-diphenylpropan-2-one and 
that detected in procyanidin C methyl ether. 
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IV. DISCUSSION 
The problem investigated in this work is concerned 
with the isolation and the eluc idation of structure of the 
procyanidins from immature fruitlets of Vi tis vinifera. 
Results obtained will now be discussed under these two main 
headings. 
It has long been recognised that the proanthocyanidins 
are labile compounds which are very difficult to isolate. 
The instability is particularly marked in the compounds of 
the phloroglucinol series with the monomeric flavan-3,4-
dials showing a strong tendency to polymeriseo Thus far, 
separation and purification of high molecular weight pro-
anthocyanidins has pre s ented a major task in itselfo 
Since separation of the extracted polyphenols of 
Vitis by means of paper chromatography was found to be 
unsuccessful, the novel approach involving prior methylation 
of the procyanidins was developed in this work. The 
extractives were first subjected to methylation before th e 
separation methods were applied. As can be seen from 
Table 2, p. 31 , the resulting methyl ethers of the poly-
phenols were separated efficiently by thin-layer chromato-
graphy. Two procyanidin fraction sf C and D, were detected 
and these were shown to be diffeLent compounds. Because 
* It is of interest that no methylated derivative of a 
flavan-3,4-diol was isolated, contrary to the claim ma de by 
Ribereau-Gayon94 that flavan-3,4-diols occur in Vi tis. 
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of its lower molecular weight, procyanidin C was chosen 
for structural studies. On the preparative scale, the 
methylated procyanidins C and D were first separated by 
counter-current distribution. This was made possible by 
the development of the multicomponent solvent system usedo 
The spots of both procyanidin fractions on thin-layer 
chromatography, although distinctly separated from each 
other and from other vanillin-positive constituents, 
appeared as "twins" of closely running compounds,, Since this 
behaviour on thin-layer chromatography resembled that of 
the double spots of the methylated epimeric catechins, a 
similar mixture of stereoisomers was assumed. The isolat-
ion of catechin/epicatechin 5,7,3',4 1 -tetramethyl ether 
from dilute acid cleavage of procyanidin C methyl ether 
confirmed that a mixture of stereoisomers was involved. 
Procyanidin C methyl ether was purified by preparative-
layer chromatography which proved to be the most efficient 
technique available for the purification of methylated com-
pounds of this type. However, the state of purity which may 
be achieved in a sensitive flavonoid polymer with a molecular 
weight greater than 1000 can be expected to be considerably 
lower than in related monom e ric compounds. Despite repeated 
chromatography on thin layers, evidence obtained later from 
mass spectrometry indicated that traces of related molecular 
species were probably entrailed in the sample. 
... 7 5 -
The purification by preparative-layer chromatography 
introduced one initial complication. It was found that 
silica gel (Kieselgel GF 254 , Merck) contained an organic 
impurity which could be included in the chromatographed 
sample. This source of contamination was not recognised 
until after most of the analytical results were obtained. 
The infrared spectrum of the contaminant, eluted from the 
adsorbent, contained no carbonyl absorption but the NMR 
spectrum showed signals in the methylene (8o8 T ) and methyl 
regions. Since similar signals were detected in 
the NMR spectra of procyanidin C derivatives, it was poss-
ible that some of these signals were due to this impurity. 
In subsequent work, such as mass spectrometry, the source 
of error due to the contaminant was reduced by prewashing 
the silica gel with a benzene-acetone mixture. The mass 
spectrum of the eluted contaminant showed strong peaks 
m/e 691, 675 and 607. These peaks were absent in the mass 
spectra of the procyanidin C derivatives. 
On the basis of the combined experimental evidence to 
be discussed below, the trimeric structure (36), Fi g o 15 , 
is proposed for the methylated derivatives of procyanidin C 
studied: 
Procyanidin C methyl ether, c 58H64o 18 , M.W. 104
9.15 (R = 
CH3, R' ~ H) • 
~ I 194 
'" t was no t ed sub s e q u en t 1 y th a t Ma h ad a 1 r e ad y 
reported the occurrence of a similar impurity in silica gelo 
PROCYANIDIN C FROM VITIS 
OR 
OR 
RO OR 
OR 
0 OR 
RO 
RO 
OR 
OR' OR 
RO 
RO 0 
OR' (36) 
RO 
METHYL ETHER R=CH3, R'=H C5a H54 01s 
METHYL ETHER ACETATE R=CH3, R':COCH3 C50 H5s 020 
EXHAUSTIVELY METHYLATED R=R=CH3, C50 H5s 01a (m/e 1076) 
FIGURE 15 
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Procyanidin C methyl ether acetate, c 62H68o 20 , M.W. 1133.22 
(R = CH3 , R
1 = COCH3 ). 
Procyanidin C exhaustively methylated derivative, C60 H680 18 , 
M.Wo 1077.20 (R = R 1 = CH3 ). 
For discussion purposes the constituent units of the 
trimer have been designated "head" (H), "middle" (M) and 
"tail" (T), respectively. 
The results of combustion analyses and functional group 
determinations suggested that the derivatives of procyanidin 
Chad compositions a pproximately similar to those of the 
derivatives of C-C linked tricatechins (cfo Tables 5 and 6). 
The analytical data for non-crystalline, high molecular 
weight compounds of this type are at best only a lead to 
overall compositionso However, the atomic ratios and the 
functional group determinations of procyanidin C derivatives 
indicate that in all probability all of the oxygen atoms 
have been accounted for: that is by thirteen methoxyls, two 
alcoholic hyd roxyls, one carbonyl and two hetero-ring oxygens. 
It is therefore considered that carbon-to-carbon linkage_§_ 
between the constituent units of the trimer are present 
rather than the alternative ether linkages. The absence of 
phenolic compounds among the fission products of procyanidin 
.C methyl ether strengthened the evidence for a '' substituted 
79 phloroglucinol" type of linkage and disposed of the alter-
native aryl ether type. 
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The mean molecular weight of procyanidin C methyl 
ether determined by vapour osmometry was 1037. 
Although the method is likely to give only a p proximate 
values, it is in good agreement with the mass spectrometric 
peaks in the highest mass range m/e 1046 to 1104. 
Before this data was available a dimeric structure 
for procyanidin C was seriously considered. However, not 
all of the experimental results could be explained by any 
single dimeric structure. The determined molecular weight 
and mass spectral evidence obtained later clearly indicated 
that procyanidin C must be a trimer. 
The chromophoric system present 1n procyanidin C 
methyl ether was studied by UV spectroscopy. The spectrum 
showed a sing 1 e peak at max 2 7 4 mp. • (+)-Cat echi n 5, 7, 3 1 , 4 1 -
t et r ame thy 1 ether ha s a sp ec t rum w i th A. max 2 7 5 mµ 1 log B 
3.5. Calculation of the extinction coefficient on the basis 
of a C-C linked, methylated polycatechin structur e (monomer, 
1 o g e 3. 50; d i mer , 1 o g c 3 • 80 ; t r i me r , 1 o g e 3 • 9 8 ) i nd i c -
ated that no substantial contribution from any other chrom-
ophore was present in procyanidin C methyl ether. Thus on 
the basis of the proposed trimeric formula (c 58H640 18 , 
M.W. 1049.15), calculation yielded log E 3.98, and the spec -
trum was essentially identical with that calculated for a 
methylated tricatechin~ The spectr~m of catechin 5,7,3 1 ,4'-
tetrame thyl ether is essentially that of the isolated 
78. 
benzenoid rings A and B, so that the presence of a diary l -
propanone unit in procyanidin would not be expected to 
substantially alter the spectrum from that of a methylated 
tricatechin. 
The reasoning employed is not, however, free from 
criticism. The p re s enc e of a number of c 1 o s e 1 y 1 i nk ed 
aromatic systems must be expected to produce conformat i onal 
preferences, and these could result in alterations in the 
characteristic spectrum of the catechin units by charge-
transfer phenomena. 
The conclusions reached from the examination of the UV 
spectrum of procyanidin C methyl ether are that it is 
consistent with the absence of any contribution from 
chromophoric systems other than that of catechin tetramethyl 
ethero T h is is of particular significance with regard to 
the nature of the carbonyl group subsequently shown to be 
present ( see below); it is most unlikely to be conjugated 
to the benzenoid systems. 
The infrared spectrum of procyanidin C methyl ether 
-1 
showed a band at 1710 cm which is strong evidence that 
the compound contains carbonylo This finding is unusual 
· h · 83 since t ere is only one report in the literature of a 
procyanidin containing a carbonyl group (cf. (24), Fi g . 7). 
The absorption fre quency of the carbonyl, supported by the 
evidence from UV spectroscopy, excluded all flav onoids 
t · · · 153 con ainin g a conJ u gated carbonyl s u ch as dihydroflavonols, 
79. 
the open chain form of flavan-2,3-diols 154 or 2-benzyl-2-
157,158 hydroxycoumaranones. The carbonyl function must 
be on an isolated carbon atom. The measured ab sorp ti on 
-1 
frequency of the carbonyl (1710 cm ) agreed best with that 
of a 3-ketoflavan, such as the carbinol base of cyanidin 
5,7,3' ,4 1 -tetramethyl ether or a derivative of 1,3-
159 diphenylpropan-2-one. 
As the proanthocyanidins are very sensitive compounds, 
the possibility of a carbonyl arising during the isolation 
process or during the subsequent methylation had to be 
seriously consideredo The extraction of the plant material 
was carried out under very mild conditions. Apart from the 
natural pH of the fruitlets, the extracts never came in 
contact with acids or bases. During the concentration of 
0 
the extracts, no temperature higher than 40 - 45 was 
employed for any length of timeo Ho wever, formation of the 
carbonyl function of the proposed 1,3-diarylpropan-2-one u nit 
(H) by the opening of a pyran ring in a tricatechin unit 
could possibly take place through the action of base during 
the methylation of the extract by dimethyl sulphate over 
potassium carbonate. Such a process could be rationalised 
as shown in Fig. 16. However, no formation of carbonyl-
containing artefacts was detected from C-C linked dicatechins 
195 
methylated by the same procedure. Furthermore, 
procyanidin C methyl ether isolated from the plant extract 
OH 
HO (CH3)2S04-K2co3 CH30 
OCH3 
1/ OCH3 
CH30 1/ OCH3 ~ I 
~ I OCH3 
~ I OCH 3 
OH 
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which was methylated by diazomethane showed an identical 
-1 
band in the infrared at 1710 cm • Thus it seems most 
probable that the carbonyl function is not an artefact 
but is a constituent part of the naturally occurring mole-
cule. The structure of the proposed 1-(2,4,6-trimethoxy-
phenyl)-3-(3,4-dimethoxyphenyl)-propan-2-one unit 1s also 
quite plausible on biosynthetic grounds as it can be 
considered equivalent to an open form of a catechin unit. 
As attempts to reduce the carbonyl group or to prepare 
an oxime were unsuccessful, the unreactivity and resistance 
to reduction require comment. Carbonyl groups 1n 2-benzyl-
2-hydroxycoumaranones were found either to resist hydride 
d . . 1 1 157 H re uct1on or to undergo reduction very sow y. owever, 
as the presence of a carbonyl in a strained 5-membered ring 
system in the procyanidin was rmst unlikely, it seems more 
probable that the difficulty of reduction 1s caused b y the 
inaccessibility of the carbonyl to attack by the reagent, 
due to hindrance by the adjoining bulky groups. 
The NMR spectra of the derivatives of procyanidin C 
were not clearly resolved and thus a complete assignment of 
signals and their spin-spin splitting pattern was not 
possible. In terms of the chenical shift, the spectra were 
therefore evaluated by comparison of the main signals with 
the principal resonances for related compounds. The posit-
ions of the main signals in the spectra of procyanidin C 
810 
methyl ether and its acetate agreed closely with the 
corresponding signals of (+)-catechin 5,7,3' ,4'-tetramethyl 
ether and (+)-catechin 5,7,3' ,4 1 - tetramethyl ether acetate, 
respectively. However, even more significant was the close 
agreement of the main signals in procyanidin C methyl ether 
acetate with the signals of c4 -c 8 linked dicatechin 
octamethyl ether diacetate (cf. Table 7). The similarity 
of resonances established in both compounds indicates that 
a c4 -c 8 linked dicatechin 1s a likely part-structure of 
procyanidin C methyl ether acetate. 
In order to gain more information about the nature and 
positions of the alcoholic hydroxyl groups in procyanidin C 
methyl ether, the NMR spectrum of t h e trimethylsilyl der-
ivative was measured. The app earance of two signals at 9.90 
and 10.12 7 ( integration ratio of approx. 1 to 2) shows 
that there are two kinds of hydroxyl-yielding trimethylsilyl 
ethers. The main signal at 10.12 T is very similar to the 
chemical shift of the trimethylsilyl protons at c3 , such as 
is found in the trimethylsilyl derivative of catechin 
5, 7, 3' , 4 1 - t et r ame thy 1 et her. The s i gna 1 at 9. 90 '( , 
however, is 1n agreement with the absorption of a trimethyl-
167 
silyl group at an unsaturated carbon. It 1s therefore 
probable that this signal is due to the t rimethylsilyl 
protons of the enolised carbonyl 1n the diarylpropan-2-one 
unit (H). The presence of an unmethylated phenolic group 
can reasonably be excluded on the basis of evidence dis-
cussed previously. 
d d . · "d" 84 h" h As with relate imeric procyani ins w ic were 
found to consist of a mixture of inseparable stereoisomers, 
the ratios of the different groups of protons in procyanidin 
C methyl ether acetate were very useful parameters for the 
description of the tri meric molecule. Since the clearly 
defined Bring protons are found at 2.7 - 3.5 7 , downfield 
from the more diffuse A ring proton resonance at 3.6 - 4.2 T , 
the Bring signal is a more reliable internal integration 
standard. Furthermore, it is unlikely that the linkage 
between the constituent units involves the veratrole B 
rings. Because of the unaccounted signals at 808 and 
9.15 7 , which were probably due to the presence of an 
impurity from the silica gel, the ratios calculated from 
the integration o 1 total protons were likely to be more dis-
tortedo 
An index of the degree of polymerisation of a poly-
flavonoid chain is given b y the ratio of Bring/ A ring 
protons; this ratio had the mean value 2.28 which departed 
significantly from the value 2.0 calculated for C-C (A ring) 
- linked dimers and approached the ratio 2.25 expected for 
tricatechin dodecamethyl ether triacetate (35), Fig. 14, 
n = 3, R = COCH3 , which was used as the compound of reference. 
A further comparison showed that the methoxyl / aromatic 
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proton ratio of 3.06 was significantly higher than the 
calculated value of 2.77 for the reference compound. Sim-
i 1 a r 1 y , the met ho xy 1 / B r i ng pro t on r a ti o gave the v a 1 u e 
4.34 as compared to 4.0, calculated for the reference com-
pound. These results strongly suggest that an additional 
methoxyl group is present in the procyanidin C methyl ether 
,,, 
,,, 
acetate molecule. This finding is supported also by the 
isolation of 2,4,6-trimethoxybenzoic acid from the action of 
excess potassium tertiary butoxide in dimethyl sulphoxide 
on procyanidin C methyl ether. 
The mean value for the acetyl / aromatic proton ratio 
of 0. 54 was lower than the calculat_ed value of 0. 69 for the 
compound of referenceo This result is in agreement with the 
analytical values which indicate the presence of two rather 
than three acetyl groups in the trimeric molecule. 
The methoxyl / total proton ratio gave the value 0.47 
which was lower than the value 0. 53 calculated for the 
compound of referenceo As already mentioned, the low value 
of this ratio is most likely due to the presence of the 
unaccounted signals in the highfield region of the spectrumo 
,:< The C proton at 6. 10 T in ( +) - cat ec hi n 5, 7, 3 1 , 4 1 -
tetramethyT ether has shifted downfield to give a doublet 
at 4.85 T in (+)-catechin tetramethyl ether acetate. It is 
therefore unlikely that an inclusion of the c 3 protons in the 
methoxyl signal occurs in procyanidin C methyl ether acetate. 
However, there may be a partial contribution to the methoxyl 
signal by the two benzylic protons of the proposed 1,3-
di arylpropan- 2-one unit (H) as the methylene pro tons in 1 % benzyl methyl ketone were found to give a singlet at 6.55 / . 
- 84 -
Further evi d ence for the trimeric nature of procyanidin 
C was obtained from mass spectra. At the elevated temper-
ature required for the volatilisation of the compound, 
pyrolytic decomposition of the sample was likely to occur 
prior to fission of the molecule by electron impact. In an 
attempt to detect the molecular ion of the trimeric molecule, 
the spectrum of the more volatile exhaustively methylated 
deri vat iv e was measured. As expected from a compound of 
this type, the ions of the highest mass range m/e 1046 -
1104 were of low intensity. Nevertheless, the molecular 
weight of procyanidin C methyl ether determined by vapour 
pressure osmometry (1037) agrees with the mass spectral 
data. It is considered that the peak m/ e 1076 which is in 
good agreement with the determined molecular weight, is 
most likely to represent the molecular ion of the exhaustively 
methylated procyanidin C. The ion m/e 1090 was disregarded 
as no structural formula containing a carbonyl group was 
compatible with this molecular weight unless C-methylation 
was invo 1 ved. 
As a complete assignment of ions in a spectrum of this 
complexity was not possible, the fragmentation pattern had 
to be evaluated by indirect meaJs. Therefore the main frag-
ments of the spectrum were compared wit h the ions of(+)-
catechin 3,5,7,3' ,4'-pentamethyl ether and with the ions 
established for 4-(pentamethyl-catechyl)-5,7,3' ,4 1 -
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tetramethoxyflavene-(3), as reported by Weinges and co-
164 
workers (cf. Table 10). 
The principal ions arising 1n the fragmentation of both 
compounds are shown in Fig. 13. The breakdown of the tri mer 
can be rationalised readily. The loss of unit (H) from 
exhaustively methylated procyanidin C, with a simultaneous 
hydrogen transfer, will yield the fragment m/e 718 which 
corresponds to dicatechin decamethyl ether. The subsequent 
loss of methanol then leads to the fragment m/e 686, which 
can be correlated with the ion of 4-(pentamethylcatechyl)-
5,7,3'1'-tetrame thoxyflavene-(3). The principal ions that 
were formed by further fragmentation of exhaustively methyl-
ated procyanidin C and of 4-(pentamethylcatechyl)-5,7,3' ,4 1 -
tetramethoxyflavene-(3) provide convincing evidence that a 
c4 -c 8 linked dicatechin must be included in the procyanidin 
C molecule. 
A feature of the spectrum of exhaustively methylated 
procyanidin C is periodic differences of 14 mass units 
between the major peaks. 177 Drewes and Roux observed a 
similar additional M + 14 peak in the mass spectrum of " pure '' 
trileucofisetinidin methyl ether acetate. The authors 
explained this peak as d ue to additional methylation of a 
benzylic hydroxyl at c 4 • 
" 
Ano th er 1 i kel y poss i bi 1 i ty for t he 
difference of 14 mass units is a loss of hydrogen with a 
s i multaneous thermal methyl transfer as was observ ed by 
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T d B . 197 . h h 1 homas an iemann wit met y est e rs. 
The mass spectrum of procyanidin C methyl ether was 
also determined but due to the low e r volatility of this 
derivative no significant peaks in the high mass region 
were detected. HoNever, the ion m/e 704, which was not 
detected in the spectrum of the exhaustively methylated 
derivative, was characteristic for procyanidin C methyl 
ether. The exact mass of this ion established the compos-
ition of the fragment as c 39H44o 12 and excluded the alter-
It is therefore very likely 
that the fragment m/e 704 belongs to the ion of c4 ~c 8 
linked dicatechin nonamethyl ether which arises by the loss 
of unit (H) from a procyanidin C derivative with a higher 
order of methylation. A possible explanation for the ion 
m/e 704 is that dimethyl sulphate caused a partial methyl-
at ion of one of the c:;3 alcoholic hydroxyls. If this were 
so, it could be entrailed in the trimeric sample prepared by 
preparative-lay er chromatography and would possess increased 
volatility in the mass spectrometero The intense ion 
m/e 704 could therefore be interpreted as b eing analogous 
to the ion m/e 718 found in the fragmentation of the exhaus-
t iv e 1 y me thy 1 at ed d er iv a t iv e • Even if one f am urs the 
alternative explanation for the origin of pea-ks with a 
difference of 14 mass units, the characterisation of the 
elemental composition of the 10n m/e 704 provides further 
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supporting evidence that a C-C linked dicatechin 1s a part-
structure of procyanidin C. 
Although complex proanthocyanidins cannot be fully 
characterised by chemical means, the degradation products 
of derivatives of procyanidin Care consistent with the 
structure proposed for the trimer. 
Oxidation of procyanidin C methyl ether with potassium 
permanganate in acetone yielded veratric acid (53.7% on 
the basis of three veratrole residues) and, as expected, no 
phenolic products were isolated from this reaction. No 
evidence for the presence of a terminal flavan-3,4-diol group-
ing in the molecule could be found as the procyanidin was 
. h . d. d b O · d · 24 · ne1t er ox1 1se y ppenauer ox1 at1on, nor was its part-
ition behaviour altered by the use of borate buffero l 40,l 4 l 
Degradation by base cleavage produced somewhat more 
profitable , findings. The fusion of procyanidin C methyl 
ether with potassium hyd roxide g ave the expected product, 
veratric acid. Traces of 2-hydroxy-4,6-dimethoxybenzoic acid 
and 2,4,6-trimethoxybenzoic acid were also detected. 
A most significant finding was the isolation of 2,4,6-
trimethoxybenzoic acid from the reaction of procyanidin C 
methyl ether with excess potassium tertiary butoxi d e in 
dimethyl sulphoxide. The ioolation of this acid (29.7% on 
the basis of one 1,3,5-trimethoxybenzene residue) clearly 
indicates that there has to be a 1,3,5-trimethoxybenzene 
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moiety present in the molecule of procyanidin C methyl 
ether. Indeed, the isolation of this acid was the main 
reason for the proposal of the l-(2,4,6-trimethoxyphenyl)-
3-(3,4-dimethoxyphenyl)-propan-2-one unit (H) for procyanidin 
C methyl ether. 
The production of an anthocyanidin on strong acid treat-
ment is the most characteristic reaction of proanthocyanidinso 
The anthocyanidins from acid treatment of the plant extract 
and from procyanidin C methyl ether were identified as 
cyanidin chloride and cyanidin chloride 5,7,3' ,4 1 -
tetramethyl ether, respectively. This result provides 
additional evidence that none of the phenolic g roups of the 
chromogenic unit of the trimer is engaged in the linkage 
with adjoining units of the trimer. 
The yield of cyanidin chloride 5,7,3' ,4' -tetramethyl 
ether from procyanidin C methyl ether requires some comment. 
Apart from the flavenes which yield anthocyanidins by 
oxidation or disproportionation, the proanthocyanidins 
usually comprise molecular species which can develop ca r bon-
ium ions at one of thebenzylic positions, c 2 or c4 , of the 
f 1 av an nu c 1 eu s • These carbonium ions are then s t abilised 
by double bond introduction and the resulting flav-3-en-3-ol 
is next oxidised by atmospheric oxygen to the anthocyanidino 
A much low e r yield of anthocyanidin would be expected from 
a complex proanthocyanidin than from a flavan-3, 4-diol, since 
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in the former case the connecting bonds must be cleaved 
prior to the release of the potential chromogenic unit. The 
yield of 
by Drewe s 
anthocyanidin from trileucofisetinidin rep orted 
177 
andRoux amounted to only about one-third of 
that developed from the corresponding monomero 
Unless rigidly controlled conditions are employed, the 
yield of anthocyanidin developed can be considered only as 
semiquantitativeo Firstly, the cleavage of the connecting 
bonds and the generation of the carbonium ions is by no means 
a stoichiometric process. The carbonium ions are very 
reactive species which readily participate in side reactions 
such as polymerisation and substitution reactions with the 
nucleophilic A ring of another molecule. Secondly, the 
anthocyani d ins are unstable compounds which are destroyed 
by heat and li ght during their d e v elopment from the pro-
a n thocyanidin. 
The yield of cyanidin chloride 5,7,3 1 , 4' -tet r amethyl 
ether obtained from procyanidin C methyl ether was very low 
(11.9%, on the basis of one chromogenic unit)o This ind i c-
ates that the anthocyanidin probably arises from a carbonium 
ion wh ich is generated only slow ly rather than from a pre-
cursor standing at a higher level of oxidation. The yield 
was not increased when the anthocya~idin was generated in 
the presence of benzoquinoneo 
180 Jurd found that benzo quinone 
increased the yield of anthocyanidins from flavenes, whereas 
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it had less effect on the yield from flavan-3,4-diols, 
which takes p 1 ace through the generation of c arboni um 1 ons. 
This provides additional evidence that the generation of 
the carbonium ion is the limiting step of the reaction, 
rather than the subsequent steps. Acid treatment of pro-
cyanidin C methyl ether in the presence of zinc dust res-
ulted in a very lo·IA, yield of anthocyanidin ( less than 1%). 
This suggests that the anthocyanidin does not arise from 
a precursor standing at a higher level of oxidation than 
the oxon1um salt. 
Cleavage of the exhaustively methylated derivative 
of procyanidin C with strong acid also yielded cyanidin 
chloride 5,7,3' ,4'-tetrame thyl ether. Since no cyanidin 
chloride 3,5,7,3 1 ,4'-pentamethyl ether was detected, the 
possible explanation is that the intermediate flav-3-en 
derivative suffered hydrolysis of the enolic methoxyl at c 3 
during the prolonged acid treatmen t. Dilute acid hydrolysis, 
however, yielded catechin / epicatechi-n 3,5,7,3' ,4' -
pentamethyl ether, as expected from the proposed mechanism 
shown i n F i g s . 1 7 a and 1 7 b • 
Cleavage of procyanidin C methyl ether with dilute acid 
r e s u 1 t e d i n the i so 1 at i on of c a t e ch i n / e p i c at e chi n 5 , 7 , 3 ' , 4 ' -
tetram e thyl ether (42.9% on the basis of one catechin unit, 
for cleavage in 20% acetic acid). An unstable compound, 
RF 0.79, was also detected but not identified. Polym e rised 
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and unreacted material were also present. Since Joslyn and 
95 Dittmar have reported that one of the procyanidin fract-
ions isolated from grape pomace was probably a diglucoside, 
the hydrolysate from the dilute acid cleavage of procyanidin 
C methyl ether was examined for the presence of sugars by 
124 
paper chromatography but no sugars were detected. 
The formation of the identified fission products from 
procyanidin C methyl ether can be readily rationalised on 
the basis of the proposed trimeric structure. Firstly, it 
is highly improbable that either cyanidin chloride 5,7,3' 
tetramethyl ether or catechin / epicatechin 5,7,3' ,4 1 -
tetramethyl ether could arise from the postulated open 
chain diarylpropan-2-one unit (H). They must therefore 
have their origin . 1n the rema1n1ng units (M) or (T). The 
, 4'-
breakdown by acid of the trimer involves the cleavage of two 
C-C bonds and a plausible mechanism for this is shown 1n 
Figs. 17a and 17b. It is really immaterial which of the 
connecting links is cleaved first as the same products would 
be obtained. The mechanism proposed involves first the 
fission of the c4 -c 8 bond between the units (H) and (M), but 
identical products would result if the cleavage of the 
c 4 -c 8 bond between units (M) and (T) took place first. In 
th e sequence shown, the fission is initiated by protonation 
of unit (M) at the c 8 of the linking bond with subsequent 
charge delocalisation as shown in Fig. 17ao Protonation 
renders unit (M) a better leaving group which would be 
H 
T 
Aryt : 
+ 
Ar 
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released as a neutral molecule (M-T). Since the generated 
ion (H)+ of the l,3-diarylpropan-2-one unit cannot be 
stabilised by double bond introduction it will combine with 
a nucleophile (OH) to give 1-(2,4,6- t rimethoxyphenyl)-3-
(3,4-dimethoxyphenyl)-propan-l-ol-2-one. This compound, a 
derivative of the highly unstable 2,4,6-trimethoxybenzyl 
alcohol, would be unlikely to be isolated. Similar proton-
ation and cleavage of the dimeric fragment (M-T) would 
lead to the detected products as shown in Fig. 17b. If 
procyanidin C methyl ether consisted of a mixture of stereo-
1somers, as indicated by its double spotting on thin-layer 
chromatograms, then protonation of (M-T) would liberate 
unit (T) as a mixture of catechin / epicatechin 5,7 1 3 1 ,4 1 -
tetramethyl ether, where~s unit (M) would be converted into 
a c4 carbonium ion which is the anthocyanidin precursor. As 
already described, this carbonium ion would be stabilised 
by double bond introduction to give the corresponding 
flav-3-en-3-ol which is then oxidised - to cyanidin chloride 
5, 7,3' ,4' -tetramethyl ether. 
To obtain additional evidence about the or1g1n and the 
site of linkage of the catechin precursor, procyanidin C 
methyl ether was cleaved in de~terium oxide. The cleavage 
of the trimer by the mechanism shown in Figs. 17a and 17b 
should lead to deuterium substitution at the site of linkage 
of the connecting bond and 8-d-catechin / epicatechin 
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5,7,3 1 ,4 1 -tetramethyl ether should be formed from unit (T)o 
The results of this work were rathe r surprising because 
6, 8-d 2-catechin / epicatechin 5, 7 ,3
1 
,4 1 -tetramethyl ether 
was invariably obtained from the fission experiments (cf. 
Spec t rum 15 ) • 
Since exchange 
known phenomena with 
reactions in methoxybenzenes are well-
190 h . b. 1 · electrophiles, t e poss1 1 1ty 
exists that the labelling of the nuclear positions of ring 
A in the isolated catechins could also come about by deuter-
i um exchange. In experiments designed to examine the 
exchange reactions of n 20 with methoxybenzenes and methylated 
flavonoids, it was found that 1,3,5-trimeth oxybenzene 
undergoes complete exchange of all three nuclear protons 
when heated in Pyrex ampules with DCl in D20, CH3COOD or 
even with n2o / dioxan (cf. Spectrum 14)o Partial exchan g e 
of the nuclear protons by deuterium was also detected 1n 
1,3-dimethoxybenzene, 1,2,3-trime thoxybenzene and in 
1,2,4-trimethoxybenzene. (+)-Catechin 5, 7,3 1 ,4 1 -tetramethyl 
ether and 5,7,3 1 ,4'-tetramethoxyflavan were also found to 
undergo complete exchange of both nuclear protons in ring A 
when heated for 16 hr in the D20 / dioxan system (cfo 
Spectrum 15) o Ho·;vever, 5,7,3 1 ,4 1 -tetrame tho xyfl av an-3,4-
diol and ( + )-dihyd roquercetin 5,7,3 1 ,4 1 -tetramethyl ether 
failed to exchange under these condition s . Since acids were 
absent from the D20 / dioxan system, it 1s likely that the 
deuterium exchang e was catalysed by t h e Pyrex g l as s surface. 
94. 
SuppoYting evidence for this view 1s the finding that both 
the cleavage of the procyanidin and the exchange reactions 
always failed when attempted in soda glass NMR tubes. 
The results from n 2o exchange reactions with model 
compounds clearly . show that the labelling of c 6 and c 8 
positions could arise from simple exchange. However, 1n 
accordance with the proposed mechanism shown in Figs. 17a 
and 17b, catechin / epicatechin 5,7,3' ,4'-tetramethyl ether 
arising by the cleavage of the C-C linked 11 tail" unit (T) 
must be deuterated at the point of linkageo Sine e the c 6 
and c 8 positions were the ones found to be deuterated, it 1s 
concluded that the point of linkage must be at one of these 
positions, say c 8 , with the other, c6, becoming deuterated 
by means of exchange4 These results, however, do not dis-
tinguish whether the linkage is at c 6 or C8 • 
The important ou · come of the fission of procyanidin C 
me thyl ether in n2o is that no other positions of the iso-
lated catechins were substituted by deuteriumo If the 
linkage of the catechin precursor had been through some 
centre other than c 8 or c 6 , such as one of the carbon atoms 
in ring B, one would expect to find on e of these sites of 
the catechin molecule also labelled by deuterium. Moreover, 
if a flaven-3-ol moiety was a part-structure of procyanidin 
C, this could theoretically give rise to catechin and cyanidin 
by disproportionation. In such a case one would expect 
solvent participation resulting in deuterium addition to the 
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reduced double bond. 
Although a linear combination of the c4 -c 8 linked 
constituent units (36), Fig. 1~ is proposed for procyanidin 
C, the available evidence does not exclude the alternative 
structures involving the c 4 -c 6 linkage or a combination of 
both c 4-c6 and c 4 -c 8 linkages. Furthermore, branched (non-
linear) structures containing units with both positions 
c 6 and c 8 of ring A substituted or a unit with both benzylic 
positions c 2 and c4 involved in linkage w
ith the adjoining 
units are possible but are less favoured for steric reasons. 
No such types of procyanidin structures have been reportedo 
At the time this work was carried out no trimeric struc-
ture for a procyanidin was known but since the work was com-
pleted a structure for trileucofisetinidin 1 the proantho-
cyanidin from Acacia mearnsii, has been reported in the 
177 
literature. The linkage of the monomeric units in 
procyanidin C through c4 -c 8 bonds is consistent with known 
. . 84,85,87,91,92 
structures for dimeric proanthocyan1d1ns. 
This mode of linkage has also been proposed for trileuco-
177 
fisetinidin by Drewes and Roux. The novel feature in 
the structure (36), Fig. 15j for procyanidin C methyl ether 
is that of the l-(2,4,6-trimethoxyphenyl)-3-(3,4-dimethoxy-
phenyl)-propan-2-o~e unit (H). Although the presence of a 
carbonyl function at c 3 of a flavonoid skeleton has not 
been previously recognised, the proposed diarylpropan-2-one 
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unit (H) can be considered equivalent to an open chain 
isomer of a catechin. This diarylpropan-2-one unit thus 
represents a new modification of a flavonoid compound and 
procyanidin C belongs to a new type of proanthocyanidino 
Procyanidin D, the other main fraction isolated in 
this work, represents probably the next degree of polymer-
isation of the constituent units found in procyanidin C. 
Because of its high molecular weight (mean value 1537 for 
the methyl ether), the compound was less amenable to struc-
tural investigation. Until detailed structural studies can 
be carried out, any proposal of structure must be tentative. 
Nevertheless, since the infrared spectrum of procyanidin D 
methyl ether (cf. Spectrum 4) resembled that of procyanidin 
C methyl ether and showed similar absorption at 1710 cm-1, 
it is tempting to speculate that procyanidin D represents 
the next higher polymer of procyanidin C. Further poly-
merisation of this kind could lead to the production of high 
molecular weight condensed tanninso . 84 Geissman and Dittmar 
have already proposed a similar sequence of c 4 -c 8 linked 
catechin units as a possible structure for condensed tannin. 
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V. EXPERIMENTAL 
V.1 General 
The experimental sub-sections correspond to the main 
sections of the thesis. Thus the details of experiments 
discussed in Section II appear in sub-section 2, and so ono 
Within each sub-section, the experiments are listed in 
chronological order. 
Melting points were observed on a Kofler micro heating 
stag e and are uncorrected. Optical rotations were recorded 
1n a Perkin-Elmer 141 Polarimeter in acetone. UV spectra 
were measured on a Beckmann DK-2A spectrophotometer and IR 
spectra were recorded on a Unicam SPo200 spectrophotometer, 
1n Nujol mulls on NaCl plates. NMR spectra were measured 
on a Perkin-Elmer R 10 (60 megacycle) spectrometer in CDC1 3 , 
with tetramethyl-silane as an internal standard. Mass spectra 
were recorded by Dr. Qo Porter, University of Melbourne, on 
an AEI MS 9 spectrometer, and by Mro J.L. Occolowitz, 
Defence Standards Laboratories, Ascot Vale, on an Atlas 
CH 4 instrument. Elementary analyses were by Dr. K.W. 
Zimmerman, C.S.I.R.O. and the University of Melbourne 
Microanalytical Laboratory. 
1 • 
2. 
3. 
4. 
5. 
6. 
7. 
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Table of Reagents 
h . d. 1 Proant ocyan1 1n reagent 
Cone. hydrochloric acid AoR. (50 ml of 36% w/w) 
diluted with 2-propanol to 500 ml. 
C .d. 115 yan1 1n reagent 
Cyclohexanol - toluene (1 : 5 v/v). 
D 1 h .. d. 115 e p 1n1 1n reagent 
Amyl ethyl ether and anisole (1 : 4 v/v), con-
taining 5% picric acid. 
Vanillin reagent 
Prepared freshly before use, by dissolving 
vanillin (1.5 g) in ethanol (30 ml), followed 
by cone. HC 1 ( 10 ml) • 
4-Toluenesulphonic acid 127 
3% solution in ethanol. 
G 1 ( 36 010 w/w) 129 lycero - methanol - cone. HCl 11 
( 40 : 30 : 60 V / V) • 
Aniline phthalate reagent 181 
Aniline (0.93 g) and phthalic acid (1.66 g) 
are dissolved in n-butanol, saturated with 
water (100 ml). 
Vo2 Isolation and Separation 
P 1 ant mat er i a 1 
Immature fruit of Vitis vinifera L., red variety Shiraz 
(syn. Hermitage), was supplied by the C.S.I.R.0. Irrigation 
Research Station, Griffith, N.S.W. The fruit came from well-
established vines grown under flood irrigation of the M.I.A. 
The plant material, harvested at maximum development of 
the green stage of the berry, was collected early in the 
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morning and protected from direct sunlight. Bunches showing 
any sign of pigmentation were excluded. 
Moisture content of the freshly harvested fruit was 
determined at the Station by drying triplicate samples of 
the detached berries to constant weight 1n a vacuum oven. 
Details of harvests are given below. 
Year Date Weight of Moisture 
fruit (Kg) Content (%) 
1962 17.1 84.0 85.3 
1963 19. 1 124.9 84.8 
1964 8.1 18 .o 85.2 
1965 14.1 62.6 85.1 
1966 13.1 35.1 85.5 
The fruit, packed in perforated polythene bags, was 
transported to Canberra without delay and deep-frozen on 
arrival. 
Extraction of plant material 
Extraction of the plant material was carried out in 
the pilot-plant laboratory of the Division of Plant Industry, 
C.S.I.R.O., Canberra. An example of the procedure used is 
given belowo 
The frozen berries (50.5 kg) were allowed to thaw and, 
w hi 1 e s t i 1 1 coo 1 , we r e d i s i n t e gr at ed i n a s t a i n 1 es s s t e e 1 , 'F i t z-
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l'nil1 11,Model D6, comminuting machine (Mane sty Machines Ltd., 
Liverpool, U.K.) and the resulting pulp was dropped into an 
excess of methanol (65 l; 1.3 1 per kg berries). The mash, 
in a stainless steel container, was mechanically blended for 
0 ~ hro and allowed to stand overnight at 4; the supernatant 
extract was filtered off by means of an earthenware suction 
filter fitted with a cheese cloth pado Care was taken to 
avoid unnecessary transfers of the prepared extracts which 
were kept in a cool room between the operations. The cake 
was reblended with fresh methanol (15 1) and allowed to 
extract overnight. The combined extract (120 1) thus con-
tained about 65% methanol. The methanolic plant extract was 
concentrated in a steam-heated climbing film evaporator; the 
0 bulk of the solvent was removed below 35, and the temperat-
o 
ure was never allowed to rise above 40-45 for any length 
of time. When solids started to separate out from the 
reduced extract (34 1), the removal of the solvent was 
stopped and the concentrate, in 2 1 portions, was shaken with 
ethyl acetate (3 x 2 1) to extract the soluble constituents. 
The ethyl acetate extract (105 1) was thoroughly dried over 
anh. sodium sulphate and when dry, it was evaporated under 
reduced pressure to 17.7 1. The stock of the conc entrate, 
kept 1n glass vessels filled with nitrogen, was stored in a 
0 
coo 1 r o om a t 4 • 
The aqueous extract was returned to the climbing film 
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evaporator to remove the dissolved ethyl acetate. High 
molecular weight polyphenols were removed by adsorpti ·on 
on Nylon 66 paste (1,600 g). The mixture was blended 
with a power stirrer for 1 hr and the saturated adsorbent 
collected by filtration. It was dried to constant 
weight (540 g; 34%) and stored in polythene bags in dark-
nes s. 
Dimethyl sulphate methylation 
The ethyl acetate concentrate (4 1) was evaporated 
1n rotary f ilm evaporator at room temperature, leaving a 
brown gum (80.4 g)o The residue was dissolved 1n dry 
acetone (1 1) and the solution was transferred to a 2 1 
three-necked reaction flask fitted with a long-stemmed 
dropping funnel and a glass inlet tube. Potassium carb-
onate ( 400 g, anh.) was added and the reaction, u·nder a 
slow stream of nitrogen, was brought to boiling point 
under reflux. Dimethyl sulphate (100 ml) was added over 
3 hr through the stem which reached below the surface of 
the solution. After refluxing for 12 hr, the supernatant 
solution was filtered, the inorganic salts washed with 
acetone (200 ml) and the combined filtrates were evaporated 
to a thick gum (67 g) which was dissolved in ethyl acetate 
( 600 ml) ; the solution was washed thoroughly with water 
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(6 x 100 ml) and dried over anh. sodium sulphate. The 
volume of the filtered solution was adjusted to 670 ml 
with dry ethyl acetate and the unmethylated and polymeric 
compounds were precipitated by the addition of an equal 
0 
volume of petroleum ether (b.p. 60/80 A.R.). The sol-
vent was removed in a rotary film evaporator to yield a 
residue (45.0 g) which was used for further separat-
10n. 
Diazomethane methylation 
Methanolic extract of the fruitlets (about 10 g) was 
prepared as described. The residue (0.12 g) 1 obtained 
on evaporation was dissolved in methanol (20 ml) and 
the ice-cold solution was treated with ethereal diazo-
methane. Another addition of the methylating agent was 
made after 1 hro By this time the rapid evolution of 
nitrogen had subsided. The precipitation of so 1 ids was 
prevented by an addition of me thano 1 o After standing 
with excess di azome thane at 40 for 48 hr, the reaction 
was al lowed to reach room temperature and the so 1 vent was 
removed in a rotary film evaporator. The solution of 
the residue in ether (40 ml) was washed with water, dried 
over anho sodium sulphate and evaporated. The crude 
methylated product (Ool3 g) gave no colour with ferric 
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chloride. 
A similar procedure was used for the methylation of 
the ethyl acetate plant extract. 
Identification of the anthocyanidin 
The thawed fruitlets (about 10 g) were macerated 
in methanol (20 ml) 1n an all- g lass crusher and the fine 
pulp was allowed to settle. The decanted extract was 
filtered to remove cell fragments and evaporated in a 
0 rotary film evaporator below 40. Th e yellow - green 
residue (0.12 g) was dissolved 1n the proanthocyanidin 
reagent (20 ml). The solution was heated on a boiling 
water bath for 1 hr 1n an open 50 ml conical flask; 
more reagent (5 ml) was added during the reaction to allow 
for loss by evaporation. Maceration of the fruitlets 
1n ethanol or acetone g ave similar results. 
The residue (0.4 g) obtain ed from the evaporation of 
the ethyl acetate extract (20 ml), or the polyph enol-
sa t urated Nylon 66 paste (0.5 g ), was heated with the pro-
anthocyanidin reagent (20 ml), as described, to develop the 
anthocyanidin from each isolat ed frac tion. The fil te red 
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coloured solutions were diluted with water (5 vol), the 
pigment extracted into amyl alcohol, and the alcoholic 
layers washed with 1% hydrochloric acid. 
After an addition of excess benzene to the amyl alco-
holic solution of the anthocyanidin, the pigment was forced 
in t o 1% hydrochloric acido This procedure was repeated 
and the combined aqueous solution of the anthocy anidin was 
washed with benzene to remove dissolved amyl alcohol. 
Short airing in a rotary film evaporator freed it from last 
traces of benzene. 
The result s of colour reactions and partition behaviour 
. . f h h .d. 115 for the identification o t e ant ocyan1 ins are summ-
arised below. 
Test 
Amyl alcohol/aqueous 
sodium acetate 
Oxidation (stability 
of the anthocyanidin 
to air in alkaline 
solution) 
Cyanidin reagent 
Delphinidin reagent 
Observation 
Violet-red 
colour 
Pigment showed 
some stability 
and was no t com-
pletely destroyed 
Upper layer 
acquired rose 
red colour 
Only partial 
extraction into 
the upp e r pha se 
o c curr ed 
Result 
Suggested cyan-
idin chloride 
ti II 
ti II 
II II 
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Paper chromatography (PC) 
Ascending paper chromatograms were run on sheets of 
W1.atman No. 1 paper ( 15 x 25 cm), suspended 1n glass jars 
which were placed in a dark~ constant-temperature room at 
0 + 20 ( - 0.2). Before immersion, the papers were equilibrated 
1n the solvent atmosphere for 30 min. Authentic samples 
of reference compounds (Fluk~ were co-chromatographed. 
Solvents for anthocyanidins 
(a) from plant extract: 
Forestal 
Acetic acid - cone. HCl - water 
(30:3:10 v/v) 28 
90% formic acid - 3 N HCl 
(1:1 v/v) 116 
Acetic acid - cone. HCl - water 
(5:1:5 v/v) 117 
2 N HCl l l S 
(b) from methylated plant 
extract: 
Forestal 
Acetic acid-conco HCl - water 
( 30: 3: 10 V / V) 12 2 
2 N HCl - acetic acid 
(7:3 v/v) 122 
90% formic acid - 3 N HCl 
(l:l v/v)ll6, 123 
RF of the developed 
anthocyanidin and 
of cyanidin chloride 
o. 50 
o. 24 
o. 35 
o. 70 
~ of the developed 
anthocyanidin and of 
cyanid i n chloride 
5,7,3 t ,4 1 -tetramethyl 
ether 
o. 94 
o . 70 
o. 64 
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Paper chromatography of the phenolic procyanidins 
was carried out as described. Methanolic extracts were 
either directly spotted on the paper, or the residues 
obtained from evaporation of the ethyl acetate extract 
were redissolved and the filtered solutions applied. 
Solvents for procyanidins 
1-butanol - acetic acid - water 
124 (4:1:5 v/v, upper phase) 
Acetic acid - water 
(2:98 v/v) 125 
2-propanol - water 
(6:4 v/v) 126 
. 127 2-butanol satdo with water 
d . 128 Chloroform sat • with water 
Solvent for aromatic acids 
2-propanol - cone. ammonia - water 
(10:1:1 v/v) 183 
Solvent for sugars 
1-butanol - acetic acid - water 
124 (4: 1:5 v/v, upper phase) 
RF of (+)-catechin 
o. 68 
o. 38 
o. 76 
o. 62 
o.oo 
Thin-layer (TLC) and preparative thin-layer chromato-
graphy (PLC) 
General principles of thin-layer chromatography were 
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11 d 130, 131 fo owe • Silica gel (Kieselgel G or GF 254 , Merck), 
(35 g) and water (70 ml) were mixed and the slurry, spread 
by means of a Desaga applicator, coated 5 plates (20 x 20 cm) 
with a 0.25 mm thick layer of the adsorbent. After drying 
for 5 min at room temperature, the plates were activated 
0 in an oven at 105 for 1 hr and stored over silica gel. 
Since no "edge effect" distortion was noted, the tanks were 
not supersaturated with the solvent. No special temperat-
ure control was used during the development. The separated 
methylated procyanidins were detected as cherry-red spots 
which appeared after spraying the developed dried plates 
with the vanillin reagent. Preparative separations were 
standardised:- The mixture (20-25 mg), dissolved in acetone, 
was applied in a line 2 cm from the lower edge of a 20 x 20 
cm plate, coated with a 0.25 mm thick layer of silica gel 
(Kieselgel GF 254 , Merck). E ach separated zone, identified 
by co-chromatography with a reference compound, was marked 
out under uv 254 lamp. The adsorbent containing the purif-
ied compound was scraped off, fed into a column (3.3 x 20 cm) 
and eluted with acetone. The eluates were evaporated in a 
rotary film evaporator and the residues dried to constant 
weight 1n a vacuum desiccator. 
- 108 -
Solvents for me thy- ~ of (+)-catechin RF of procyan-
lated pro cyani dins 5 7 3' 4' -tetra- idin C methyl , , ' 
methyl ether ether 
1 • Benzene - acetone o. 54 0.44 
-
0.46 
( 3: 1 v/v) 
2. Benzene - acetone o. 84 o. 74 - o. 77 
( 1 : 1 v/v) 
3. Benzene - acetone 0.46 o. 38 - o. 40 
( 6: 1 v/v) 
4. Benzene - to 1 uene -
acetone 0.44 0.36 
-
0. 38 
(3: 1: 1 v/v) 
5. Benzene 
-
toluene 
-
acetone 
-
methyl 
propyl ketone 0.40 o. 32 - o. 34 
(4:4:1:1 v/v) 
Impurities 1n silica gel 
The s i 1 i c a g e 1 , ( Ki e s e 1 g e 1 GF 2 5 4 , Mer ck ) , ( 100 g ) was 
packed into a sinter ed disc column (33 x 20 cm) and exhaus-
tively eluted with TLC solvent 1. The eluate was evapor-
ated to yield a smeary residue (20 mg). Found: Ci 67.8%; 
H, 12.22%. The IR spectrum of this organic material had 
no band 1n the carbonyl region but the NMR spectrum showed 
signals 1n the methylene and methyl region at 8.8 and 
9. 15 7 . 
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Counter-current distribution 
Test separations were carried out in a manual counter-
current apparatus (30 tube glass assembly, 30 ml each phase). 
Solvent system (a):- Petroleum ether (b.p. 60/80°; 
660 parts), ethyl acetate (660 parts), methanol (480 p a rts) 
and phosphate buffer (0o05 M; pH 7; 120 parts). Equil-
ibrated at 20°, this solvent mixture separated into 980 
parts of the upper and 940 parts of the lower phase. 
The mixture of methylated compounds (2.8 g) was sub-
jected to 30 transfers. The enriched tubes 5,6,8,11 and 13 
corresponded to procyanidins D112 , c 1 , 2 , the catechins B 112 
and the compounds A1 and A2 , respectively. 
Solvent system (b):- 0 petroleum ether (b.p. 60/80; 
660 parts), ethyl acet a te ( 660 parts), methanol (480 parts) 
and borate buffer (0.2 M; pH 8 • 0 or 7 • 0 ; 120 parts) • 
Borate buffers did not alter the partition behaviour of the 
methylated mixture. 
Large scale counter-current separations were carried 
out at the Division of Plant Industry, C.S. I .R.0o, Canberra., 
1n a fully automatic apparatu s (240 tube glass assembly; 
20 ml each ph a se); J.W. Towers and Co., Widnes, U .Ko; 
mechanical parts constructed by C.S.I.R.0. Workshops, 
Canberra. 
After ten equilibration tr a nsf e rs of the solvent system 
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( a) alone, the mixture of methylated compounds (45 g) 
was dissolved in both phases of the tubes 4,5 and 6 and 
subjected to 240 transfers. On completion of each run, 
the pro gress of separation was followed by thin-layer chrom-
atographic examination of every 10th tube. The tubes 
containing no vanillin-positive compounds were emptied, 
refilled with fresh lower phase and the separation contin-
ued to the full capacity of the fractionator (640 completed 
transfers). A final examination of the tubes by thin-
layer chromatography determined the positions of the peak 
tubes and the distribution of the separated compoundso 
Partition coefficients were calculated from the estimated 
peak tubes as shown in the following sequence. 
K = 
A = 
n = 
A = 
n,m 
= 
- 111 -
De t ermi nation of p a_r ti ti Q.!l_C o efficients 
partition coefficient of the investigated compound 
(i.e. the ratio of the amount of th e compound 
dissolved in the upper phase to that in the lower 
phase) o 
total amount of the investigated compound. 
number of transfers performed. 
amount of the compound after n transfers (thus 
engaging n + 1 tubes labelled by 0,1,.o•,n) in the 
m-th tube (0 < m < n). 
position of the tube cont aining the maximum amount 
of the compound after n transfers. 
The following conditions are satisfied throughout the 
separation process: 
of 
the 
( * ) 
(i) There is a constant and equal volume of both 
liquid phases in each tube. 
( ii ) After mi x ing and separation, the investi gated 
compound is distributed between the pha ses and 
at equilibrium, the u pper phase contains 
Kx 
K+ 1 , and the lower 
X 
K+ 1 
of the c ompound. 
Therefore after performing n transfers, the amount 
the the m-th (0 ~ ~ n) compound in tube - m i S gi ven 
expression 
A = 
c; ~ A 
where en nt n,m , = ( K+ 1) n m ( n -m) !mt 
by 
and 
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Thus them-th tube contains in the upper phase 
= 
in the lower 
A( { ) 
= 
n,m 
KA 
n 1 m 
K + 1 
phase 
A 
n,m 
K+ 1 
= 
= 
en Km+lA 
m 
en r1 A 
m 
( K+ 1) n+ 1 
of the compound. 
In order to confirm the formula(~~) by induction, it 
is sufficient to realise that in the next transfer (i.e~ in 
the (n + 1)-th transfer), them-th tube contains 
A 
n+ l ,m 
= A(u) 
n,m-1 
+ A ({ ) 
n,m 
of the investigated compound. 
Now, for 1 
r 
m 
= 
m 
A 
n 1 m 
A 
n,m-1 
the ratio 
= = 
K( n+ 1 ... 1) • ,
m 
hence, with growing m, r is decreasing. Moreover, as long 
m 
as 
the 
by 
r ~ 1 ' we have A > A • Therefore if we den ote n,m-1 m n,m 
greatest integer m satisfying the inequality 
1 < n+l K( ... 1), i.e. m ~ K( n+ 1) 
K+ 1 
M , then the 
n 
m 
M -th tube contains the maximum amount of 
n 
'l I 
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the compound. This relation enables us to determine K 
provided that we can find the tube containing the maximum 
concentration of the investigated compound e:xperimentallyo 
For, having found M 
n 
exp er i men t al 1 y , 
and therefore, 
M 
n 
( n-M ) + 1 
n 
= 
K( n+ 1) _ l 
K + 1 
M 
n ~ 
( n+ 1) -Mn 
< M 
n 
K < 
< K( n+ 1) 
K + 1 
M +l 
n 
( n+ 1 ) - ( M + 1 ) 
n 
= 
M +l 
n 
(n-M ) 
n 
• 
In a chromatographic examination, however, the tube of 
maximum concentration can be determined only within certain 
limits of accuracy, say 
M 
n • 
Then, again by the same relation, we can derive corresponding 
lower and upper estimates for K 
( **) K < 
• 
• 
0 
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The separation of vanillin-positive compounds from a 
methylated mixture (45 g), fractionated by 640 transfers, 1s 
shown below; the calculation of the partition coefficients 
i s b a s ed on the f o rmu 1 a ( * ~:< ) , w i th M 2 - M 1 = 10 • 
Com-
pound 
Peak 
Tube 
150 
210 
170-
130 
130 
100 
Tubes 
Separated 
141-160 
206-220 
161-185 
126-135 
76-105 
,,_ 
' I' 
Transfers 
360 
Partition 
Coefficient 
145 < K < 15 6 
216 205 
K = 0.68 - 0.76 
640 ~:
0
:< 1 2 5 < K < _13 6 
236 225 
640 
640 
640 
K = 0o53 - 0o61 
170 < K < 181, 
471 460 
K = 0.36 - 0.39 
125 <K < _!_36 
516 505 
K = 0.24 - 0.27 
_22 < K < 106 
546 535 
K = 0 • 1 7 - 0 • 20 
Weight 
( g) 
3.95 
9~45 
1.65 
o. 90 
2.55 
Fraction A1 was separated after 360 transfers. 
K calc. after 360 transferso 
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molecular weight polyphenols (10 g) (cf p. 101) was sus-
pended in ether (50 ml) and treated with ethereal 
diazomethane at 4° until the yellow colour pers~ sted. The 
separated ethe r extract gave only a small residue (32 mg) 
which developed cyanidin chloride 5,7,3' ,4'-tetramethyl 
ether when treated with the procyanidin reagent. After 
methylation in situ, the powder was packed in a column 
(2 x 15 cm) and eluted with acetone (180 ml). The eluate 
was evaporated to dryness, the solids dissolved in 
me thanol (70 ml) and the solution treated with more 
ethereal diazomethane to ensure complete methylation. The 
methylated residue (0.9 g) which gave no reaction with 
FeC1 3 , barely moved from the origin on thin-layer chrom-
atography(~ 0.0 - 0.1; TLC solvent 1). This mixture 
of high molecular weight polyphenols was not amenable to 
further study. 
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The following compounds were isolated and identified 
from the counter-current distribution of the me thylated 
plant extract described in Section II (p. 34). 
Both fraction A 1 (3.95 g) and fraction A2 (9.45 g) 
0 yielded a compound which sublimed readily at 60 (5a2 g; 
0.046% fresh wt berries) m.p. 102°, which was identified as 
dimethyl fumarate by mixed m.pa and IU. This findin g is of 
interest since no accumu lation of fumarate has been observed 
1n Vi tis. 
The residue from fraction A 1 , after chromatography on 
neutral alumina (benz ene), yielded catechin / epicatechin 
3,5,7,3 1 ,4 1 -pentamethyl ether (0.2 g; 0.001% fresh wt 
berries), which was identified by IR and mass spectrometry 
(m/e 360). The residue from fraction A2 , after recrystall-
o isation from ethan ol, gave a compound mapo 196-198 (0.34 g; 
0.003%) which was identified as methyl ester of oleanolic 
a c id by IR and mixed melting point. 
Fraction B 1 2 (1.65 g), after chroma to graphy on neutral , 
a l umina (ethyl acetate), yielded catechin / epicatechin 
5,7,3' ,4'-tetramethyl ether (1.3 g; 0.011% fr e sh wt 
berries) which was identified by IR and NMR a 
Examina tion of polyphe:::1. ols adsorbed on Nylon powder 
The Nylon 66 po 'lder containing the adsor b ed hi gh 
( 1 ) 
( 2) 
( 3) 
( 4) 
( 5) 
( 6) 
( 7) 
Mean 
value 
( 1 ) 
( 2) 
( 3) 
( 4) 
( 5) 
( 6) 
Mean 
value 
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V.3 Structural studies 
Results of elemental analyses 
Derivatives of pro cyan idin 
Me thy 1 ether. 
% C % H % 0 
64.62 6.10 28.20 
64.76 6.40 27.41 
64. 86 6.34 28.40 
64092 6.17 28.50 
64.71 5.90 
65. 29 6.34 28.35 
65.40 6.22 27.50 
64094 6.21 28 .06 
(-to. 46) (-to. 3 1) (-to. 6 5) 
Methyl ether acetate. 
% C 
64.21 
65. 10 
65.14 
64. 18 
64.24 
65.19 
% H 
6028 
5.33 
6.30 
6. 14 
6.26 
6.14 
64.67 6.07 
(-to. 5 2) cto. 7 4) 
% 0 
28. 40 
28.20 
27.30 
29.52 
28070 
27.30 
28.24 
+ (-1.26) 
C: 
"/o CH30 
34.72 
34.12 
35026 
34.02 
34. 80 
34.58 
(-to. 6 8) 
32.18 
33.47 
30. 10 
30. 70 
34.36 
3 5. 10 
.J..,. ... , ... 
'1' ... , ... 
.. , ....... ... 
..,.. ... , ... 
32.65 
(i:2.55) 
% Act. H 
(at 0 95 ) 
_,, 
,,, 
o. 30 
_,, 
'I' 
0. 28 
... 1 ..... t .. 
'[' ... r-
o. 26 
o. 28 
(-to.04) 
10. 50 (a) 
8.14(b) 
9.06(b) 
10.lO(a) 
* Sample dried and conditioned before analysis. 
** Sample purified by preparative-layer chromatography 
on washed silica gel. 
(a) By chromic-sulphuric acid. 
(b) By methanolic potassium hydroxide. 
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Exhaustively methylated derivative. 
% C % H % 0 % CH30 
( 1 ) 65.51 6.42 27.40 37.30 
... , ..... , ... ( 2) 65.60 6.51 ... , ... 'I' 28.40 41.50 
Mean 65.55 6046 27.90 39.40 value 
(to. os) cto.os) (to.so) ( ~ 2. 10) 
Derivatives of procyanidin D: 
Methyl ether. 
% C % H % 0 % Act o H % CH 30 (at 0 95 ) 
-·-( 1 ) .... 65.27 6.28 27.40 33.12 Oo 25 
( 2) 65.29 6.34 28.35 
... , ...... , ... ( 3) 65.40 6.22 27.50 ... 1 ...... , .... 34.82 0.31 
Mean 65.32 6.29 27.75 33.97 0. 28 value 
cto .08) ( to .06) (to. 60) (~0.85) (t0.03) 
Methyl ether acetate. 
% C % H % 0 
( 1 ) 64.36 6.55 28.20 29.55 12.00(a) 
* Sample dried and conditioned before analysiso 
** Sample purified by preparative-l a yer chromatog raphy 
on washed silica gel. 
(a) By ch r omic-sulphuric acid. 
(b) By methanolic potassium hydroxide. 
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Determination of molecular weight 
The determination of molecular weight of procyanidin C 
and D methyl ether was carried out in a Vapour Pressure 
Osmometer, Knauer, Berlin. Biphenyl (A.R.) was the calib-
ration standard and the solvent used was benzene. 
The details of the procedure are tabulated below. 
Procyanidin C Methyl Ether. 
Compound 
wt (mg) 
5.5 
10. 5 
Solvent 
wt (mg) 
381.1 
447.6 
g compound 
kg solvent 
140432 
23.458 
Procyanidin D Methyl Ether. 
Compound Solvent _g_ compound 
wt (mg) wt (mg) kg solvent 
5.3 410 0 1 12.924 
10. 7 445.2 24.034 
Readings 
recorded 
11 2 .o 
111. 2 
110.6 
1 77 oO 
174.8 
1 76 .o 
Readings 
recorded 
69.5 
68.8 
69.8 
121.4 
121.4 
121.6 
moles comuound 
kg solvent 
0.014 
0 .0225 
moles compound 
kg so 1 vent 
0.0086 
0.0153 
Mole-
cular 
Weight 
1,031 
1,043 
Mole-
cular 
Weight 
1,503 
1,571 
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Preparation of derivatives 
(i) Acetylation:-
A solution of procyanidin C methyl ether (100 mg) 1n 
dry pyridine (5 ml), in a 50 ml conical flask, was cooled 
in an ice-bath. Acetic anhydride (20 ml) was added in one 
portion with swirling and the reaction mixture was allowed 
0 to stand at 4 for 48 hr and then at room temperature for 
24 hr. The solution was poured into ice-water to hydrolyse 
d . 0 f the unreacte acetic anhydride and, after standing at 4 or 
8 hr, the solid product was filtered out and washed with 
water. The crude methyl ether acetate (112 mg) was diss-
olved in ether (30 ml), the solution washed with bicarbonate 
(5%) and water and dried over anhydrous sodium sulphateo 
The solvent was removed in a rotary film evaporator to 
leave a residue (104 mg) which was purified by PLC 
( RF 0 • 7 2 - 0 • 7 4; TLC solvent 1). 
( i i ) Exhaustive methylation:-
Silver oxide was precipitated from a solution of silver 
nitrate (3.0 g) in water (30 ml) by an addition of 2 N 
sodium hydroxide (15 ml). The collected precipitate was 
thoroughly washed with water, methanol and ether. The 
product, dried in vacuum desiccato~ weighed lo69 g (76%). 
Methyl iodide (4 g) and silver oxide (1.6 g) were 
added to a solution of procyanidin C methyl ether (100 mg) 
in dry ether (100 ml) 1n a 250 ml reaction flask and the 
mixture was refluxed for 12 hr. After cooling, the 
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supernatant solution was filtered and evaporated to leave 
a pale yellow glass (103 mg) which was purified by PLC 
(RF 0.82 - 0.84; TLC solvent 1). 
(iii) Trimethylsilylation:-
Procyanidin C methyl ether (82 mg) was dissolved in 
dry pyridine (5 ml) in a 25 ml conical flask fitted with 
a ground stopper. Hexamethyldisilazane (1 ml) and tri-
methylsilyl chloride (0.5 ml) were added and the reaction 
mixture was shaken in a stoppered flask for about five min. 
The reaction mixture was then briefly war~ed on a water 
bath and allowed to stand at room temperature for 30 min, 
before the solvent was removed in a rotary film evaporatoro 
The residue was dissolved in dry carbon tetrachloride (10 ml), 
the solution filtered through a small pad of cotton wool 
and evaporated. This process was repeated to ensure that 
no unreacted compound or trimethyl silanol, arising by 
hydrolysis of trimethylsilyl chloride, were entrailed in 
the reaction mixtureo The trimethylsilyl derivative (85 mg) 
gave a vanillin-positive spot at RF 0.69 - 0.71 (TLC solvent 
1 ) • 
(iv) Attempted preparation of oxime:-
(a) Procyanidin C methyl ether (192 mg) and hydroxyl-
amine hydrochloride (77 mg) were dissolved in ethanol (30 ml). 
The solution started to develop a red colour which was dis-
charged by an addition of sodium acetate (92 mg). After 
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refluxing for 16 hr, the mixture was evaporated under 
reduced pressure to half volume, diluted with water (30 ml) 
and extracted with ether. The ether extract was then washed, 
dried and evaporatedo The method yielded a residue ( 169 mg) 
of unreacted material. 
(b) Hydroxylamine hydrochloride (64 mg) 1n pyridine 
(2 ml) was added to a solution of procyanidin C methyl ether 
( 80 mg ) 1 n e th an o 1 ( 10 m 1 ) • The reaction mixture was refluxed 
for 2 hr, filtered while hot and most of the solvent removed 
by a stream of nitrogen. The residue was diluted with wate 
( 20 ml) 0 and, after standing overnight at 4, the solids 
were collected and dried (58 mg). The method was unsuccess-
ful since the IR spectrum and¾, value of the residue were 
identical with the starting material. 
Degradations 
The molecular wei ght, 1049.15, corresponding to a 
trimeric structure, c58H64o18 , was taken as the basis for 
the calculation of yields of the degradation products obtained 
from procyanidin C methyl ether. This valu e corresponded 
to a molecular wei ght of 113302 for procyanidin C methyl ether 
diacetate, c 62H68o20 , and to a molecular wei ght of 1077.2 
for the exhaustively methylated d erivative of procyanidin C, 
C60H6 80 18 • The yield of the identified cleavag e products 
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was expressed as the percentage of the theoretically 
expected values. The yield of unidentified fission prod-
ucts wa s expressed as the percentage by weight of the start-
ing materialso 
Reactions with acids a n d electrophile~ 
(i) Cleavage with concentrated acid:-
(a) 50 ml of 36% w/w hydrochloric acid, diluted with 
1 
2-propanol to 500 ml (proanthocyanidin reagent ). 
Procyanidin C methyl ether (about 2 mg) and the pro-
anthocyanidin reagent (5 ml) were heated under reflux in a 
boiling water bath for 1 hr. The developed anthocyanidin 
was co-chromatographed with an authentic sample of cyanidin 
chloride 5,7,3' ,4 1 -tetramethyl ether in three solvent sys-
d "b d 116,122,123 terns as escr1 e. 
(b) 23 ml of 36% w/w hydrochloric acid 1n 475 ml 
114 
1-butanol. 
Procyanidin C methyl ether (7.04 mg) was dissolved in 
butanolic hydrochloric acid (20 ml) and the solution was 
heated under reflux in a b oiling water bath for 1 hr. 
cooling , the solution was made up to volume with th e 
After 
reagent and the absorbance at 530 IDµ was determined. The 
yield of cyanidin chloride 5,7,3 t , 4 '-t etrame thyl ether was 
0.274 mg (11.9%, expressed on the basis of one chromo g eni c 
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unit) . 
Under the same conditions, 5,7,3' ,4'-tetramethoxy-
flavan-3,4-diol (a mixture of epimers at c4 ; 3. 6 2 mg) , 
heated with butanolic hydrochloric acid (20 ml), afforded 
cyan i din ch 1 o r id e 5 , 7 , 3 1 , 4' - t e t ram et h y 1 et h er ( 1 • 0 3 mg , 
30 .0%) • 
The experiment (b) was repeated with benzoquinone 180 
(14 mg) added to the reaction mixture. The yield of the 
anthocyanidin was unaffected by this treatmento 
( c) 25 ml of 36% w/w hydrochloric acid in 475 ml 
ethanol, over zinc dust (reductive cleavage). 
Procyanidin C methyl ether ( 7 .04 mg) and zinc dust 
(0.2 g) were refluxed with ethanolic hydrochloric acid (20 
ml) in a boiling water bath for 1 hro After cooling, the 
zinc dust was filtered out and the heating was continued 
for 2 hr, during which time some anthocyanidin reappeared. 
The concentration of cyanidin chloride 5,7,3' ,4'-tetramethyl 
ether, determined by the absorbance of the solution at 525mµ 
was less than 1%. 
(ii) Cleavag e with dilute acid:-
(a) 0.05 N Hydrochloric acid. 
Procyani d in C methyl ether (10 mg) was dissolved . in 
methanol (5 ml) and the solu t ion, diluted with 0.05 N HCl 
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(50 ml), was heated in a boiling water bath. Within about 
3 min, the reaction began to develop colour. However, the 
heating was continued for 16 hr. After cooling, the hydro-
lysate was extracted with ethyl acetate (3 x 10 ml) , the 
extract was washed with water and dried over anhydrous 
Na 2S0 4 o The solvent was removed in a rotary film evaporator 
leaving a glassy residue (9 mg) which was examined by TLC 
(TLC solvent 1). After spraying the dried plates with the 
vanillin reagent, catechin/epicatechin 5,7,3 1 ,4 1 -tetramethyl 
ether, RF 0.54 - 0.58, and a weak spot of the unstable 
fission product, RF 0.79, were detected. Weak spots du e to 
unreacted compound and lo·N-running polyme rised material 
a 1 so were found. 
( b) 20% acetic acid 1 n a sea 1 ed ampu 1 e. 
Procyanidin C methyl ether (120 mg) was dissolved 1n 
acetic acid (8 ml) 1n a thick-walled Pyrex glass ampule and 
then diluted with water (32 ml). After sealing, the separ-
ated procyanidin was dispersed by shaking and the ampule 
was immersed in a boiling water bath for 16 hr. The cooled 
ampule was opened and the reaction mixture, diluted with an 
e qual volume of water, was extracted into ethyl acetate 
( 3 X 20 ml) • The washed extract was dried and evaporated 
under reduced pressure to give a glassy residue (118 mg) 
which was separated by PLC. The yield of crystalline 
catechin/epicatechin 5,7,3 1 ,4 1 -tetramethyl ether was 17 mg 
'I I 
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(42.9%, expressed on the basis of one catechin unit In the 
molecule). 
The fraction, containing the vanillin-positive com-
pound, RF 0.79, weighed 6 mg (5% by weight). Attempts to 
identify it were unsuccessful. 
The extracted aqueous phase was concentrated in a 
rotary film evaporator and the residue (about 5 ml) was 
examined for the presence of sugars by PC in 1-butanol -
( V/v) l24 D acetic acid - water 4 : 1 : 5 with -glucose 
(RF 0.19 - 0.20) as a marker. No sugars were detected In 
181 
the hydrolysate with the aid of aniline phthalate reagent . 
Cleavage of the exhaustively methylated derivat ave ~9...~ 
procyanidin C. 
The anthocyanidin developed from the exhaustively 
methylated derivative of procyanidin C (about 2 mg) by 
heating with the acidic reagent (5 ml) was identified by 
116,122 123 paper chromatography ' as cyanidin chloride 
5, 7 ,3' ,4 1 -tetramethyl ether. 
The exhaustively methylated derivative (20 mg) was 
hydrolysed with 20% acetic acid (10 ml) in a sealed ampule 
as described. I t y i e 1 d ed c at e chi n / ep i c at e chi n 3 , 5 , 7 , 3 1 , 4 1 -
pentamethyl ether ( 2 mg), isolated by PLC ( 29.9%, e x , re ss ed 
on the basis of one catechin unit). No catechin/epicatechin 
:( 
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5,7,3 1 ,4'-tetramethyl eth e r was detectedo 
(iii) Cleavage with electrophiles:-
(a) Boron trifluoride etherate. 
Procyanidin C methyl ether (10 mg) was dissolved in 
dry ether (20 ml) in a 50 ml flask fitted with a calcium 
chloride tubeo BF3 etherate (0.2 ml) was added with 
swirling. The flask was allowed to stand at room temper-
ature for 15 min; 
with water (20 ml). 
then the reaction mixture was swamped 
At this stage, the solution was 
uncoloured. The ethereal solution was washed with bicar-
bonate (5%) and water and worked up as described. On 
spotting the thin-layer plates, a red coloration developed. 
Catechin/epicatechin 5,7,3' ,4 1 -tetramethyl ether was iden-
tified as the main reaction produ c t. Weak vanillin-
positive spots, RF 0.79 and 0.31, were observed also. 
(b) Anhydrous aluminium chlo~ide. 
Anhydrous AlC1 3 ( 30 mg) was added 1n three p ortions 
(10 mg) to a solution of procyanidin C me thyl ether (30 mg) 
in dry ether ( 60 ml), with occasional release of pressure. 
The re a ction stood for 1 hr and was then washed with 
bicarbonate (5%) and water, dried and evaporated. Ex amin-
ation by TLC showed that the cleavag e of the pro cyanidin 
had occurred. The products were c atechin/epicatechin 
5, 7, 3 1 , 4 1 - tetrame thyl ether and a c ompound with an ~ at 
0.79. 
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Reactions with nucleophiles 
(i) Sodium hydroxide:-
A solution of procyanidin C methyl ether (10 mg) 1n 
dioxan (5 ml) was diluted with sodium hydroxide (Oo08 N, 
10 ml) and heated under reflux in a water bath for 3 hr. 
The reaction was cooled, diluted with an equal volume of 
wat e r and extracted with ether (3 x 10 ml) to give extract 
(a):·- residue 8.4 mg . The aqueous phase was aci d ified with 
2 N HCl and extracted as before 'to give extract (b); 
idue 1 mg. 
Results of examination by TLC (TLC solvent 1):-
res-
(a) continuous streak of vanillin-positive spots from the 
or1 gin to . the RF of the procyanidin; (b) a weak blue f luor-
escent spot (uv350 ) and a weak spot of unreacted starting 
material. No catechin/epicatechin 5, 7, 3' ,4'-tetramethyl 
ether was detected. 
( i i ) Po t as s i um t er t • bu to xi de ( 3 equiv a 1 en t s ) 1 n 
dimethyl sulpho x ide (DMSO):- (a) Freshly cut potassium 
(27.5 mg) was dissolved in dry tert. butanol (10 ml). After 
the metal had dissolved and the hydro g en evolution had 
ceased, the solution was made up to 25 ml with tert. butanol. 
An aliquot of the solution (1 ml) was evaporated to g ive 
potassium terto buto x ide (3.16 mg) which was dissolved in 
dry DMSO (4 ml). A solution of procyanidin C methyl ether 
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(10 mg) 1n dry DMSO (1 ml) was added to the butoxide solut-
10n and the mixture, kept under a slow stream of nitrogen, 
was allowed to react at room temperature. Aliquots (0.1 
ml) were withdrawn at intervals and run into acidified 
water (10 ml). The fission products were extracted into 
ethyl acetate (3 x 2 ml) and the extracts were then washed 
with water, dried and evaporated. The residues were taken 
up in acetone and examined by TLC (solvent 1). The six 
aliquots (15 min to 12 hr) showed a trace of blue fluores-
cent material near the origin, and a vanillin-positive 
spot at the RF of the methylated procyanidin. After 12 hr, 
the reaction mixture was wanned at 0 70 for 1 hr, cooled and 
extracted into ethyl acetate. The washed extract yielded 
the bulk of the starting material (7 mg). 
(b) Potassium tert. butoxide (316 mg, 30 equivalents), 
prepared as described, was dissolved in dry DMSO (10 ml). 
Procyanidin C methyl ether (100 mg) in dry DMSO (10 ml) was 
added with swirling to the butoxide solution. After stand-
ing at room temperature for 1 hr, the brick-coloured 
0 reaction mixture was warmed at 70 for 30 min and the sol-
vent was removed under reduced pressure. The residue was 
diluted with water (40 ml) and extracted with ether (3 x 20 
m 1 ) , extract ( a) : residue 32 mg. The alkaline solution 
was acidified with 2 N HCl and extracted as before giving 
ext r ac t ( b ) : residue 45 mg . The products of cleavage were 
- 129 -
separated on fluorescent plates in TLC solvent 1: 
Residue (a) was found to consist mainly of unreacted 
and polymerised material and was discarded. 
Residue (b} contained two cleavage products: 
Firstly, an eluate from band~ 0.38 that yielded a compound 
which crystallised from ethanol, m.p. 144°0 It was iden-
tified by IR and mixed melting point as 2,4,6-trimethoxy-
benzoic acid (6 mg; 2907%, expressed on the basis of one 
1,3,5-trimethoxybenzene residue}. 
Secondly, an eluate from band~ 0.30 that yielded a 
compound which, after sublimation, melted at 180-181°. It 
was identified by IR and mixed melting point as veratric 
acid (22 mg; 42.2%, expressed on the basis of three ver-
atrole residues). 
( i i i ) . 182 Fusion with potassium hydroxide :-
Procyanidin C methyl ether (100 mg} was fused with dry 
potassium hydroxide (200 mg} 0 at 170 for 30 min. The melt 
was dissolved in water (50 ml), the solution cooled in an 
ice bath, and after acidification with 2 N HCl, extracted 
with ether (3 x 20 ml). The ether extract was washed, the 
solvent removed and the residue examined by PC i n the 
solvent , 2-propanol - cone. ammonia - water ( 10 : 1 : 1 
v/v). 183 Veratric acid, RF 0.38, was t h e main product, but 
spots corresponding to 2,4,6-trimethoxybenzoic acid 
(RF 0.34) and to 2-hydroxy-4,6-dimethoxybenzoic acid 
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(RF 0.52), also were detectedo 
Oxidations and reductions 
( 1·) w· h . 184 it potassium permanganate :-
Procyanidin C methyl ether (100 mg) 1n acetone (20 
ml) and a saturated solution of potassium permanganate in 
acetone (20 ml) were refluxed on a water bath for 30 min 
after which the bulk of the solvent was removed under red-
uced pressure. The residue was diluted with water (30 ml), 
acidified with 2 N HCl and clarified with sodium meta-
bisulphite. The aqueous solution was extracted with ether 
(4 x 20 ml) and the extract dried with anh. sodium sulphate 
and evaporated. 
Paper chromatography of the residue in 2-propanol - cone . 
ammonia - water (10: 1 : 1 v/v) 183 rev e aled that ver-
atric acid (RF 0.38) was the main product of oxidation. A 
minor spot, RF 0.34, suggested the presence of 2,4,6-trime-
thoxybenzoic acid. No phenolic or carbonyl-containing 
compounds were detected. 
Th e residue, crystallised from ethanol and purified 
by sublimation, yielded veratric acid, m.p. 180-181° 
(28 mg. 53.7%, expressed on the basis of three veratrole 
residues). Mixed melting point and IR spectrum of the 
acid confirmed its identity. The minor product of o x idat-
ion (RF 0.34) was not isolated. 
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( i i ) Attempted 0ppenauer oxidation:-
A saturated solution of aluminium tert. butoxide in 
toluene (5 ml) and cyclohexanone (10 ml) were added to 
procyanidin C methyl ether (50 mg) in dry toluene. After 
refluxing for 2 hr, the reaction mixture was diluted with 
an equal volume of water and acidified with acetic acid. 
The organic phase was washed with bicarbonate and water, 
dried and evaporated to give a residue (42 mg). Examinat-
ion of the residue by TLC showed a vanillin-positive, twin 
spot at RF 0.44 - 0.46, corresponding to unreacted pro-
cyanidin C methyl ether. Some polymerised material of low 
mobility was detected, but no carbonyl - containing or UV 
fluorescent compounds were found. 
( i i i ) Attempted reduction with potassium borohydride:-
Potassium borohydride (78 mg) was added to procyanidin 
C methyl ether (100 mg) 1n methanol (50 ml) and the mixture 
was allowed to stand at room temperature for 48 hr. The 
solvent was removed under reduced pressure, the residue 
dissolved in ether and the solution washed with water 
(3 x 20 ml). The IR spectrum showed a band in the carbonyl 
-1 
region at 1710 cm • Furthermore, the RF value of the 
isolated product was identical with the starting material. 
Thus no evidence of reduction was found. 
(iv) Attempted reduction with lithium aluminium hydride:-
A slurry of LiAlH4 (100 mg) in anho ether (50 mg) 1n a 
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stoppered, 2-necked flask was cooled in ice. Procyanidin 
C methyl ether (50 mg) 1n dry ether (100 ml) was slowly 
added, with swirling, through a long-stemmed funnelo The 
flask fitted with a condenser carrying a CaC1 2 guard tube 
was allowed to come to room temperature. After standing 
for 15 min, the mixture was refluxed for 3 hr. After cool-
ing, ice (20 g) was added to decompose the unreacted 
hydride. The ethereal layer was separated, washed with 
water, dried and evaporated. The IR spectrum of the prod-
uct showed the carbonyl band at 1710 -1 cm and the RF of the 
product was identical with that of procyanidin C methyl 
ether, confirming that no reduction had taken place. 
Cleavage reactions 1n deutero-solvents 
(i) DCl 1n D 20:-
Procyanidin C methyl ether (140 mg) was dissolved in 
dry dioxan (25 ml) 1n a 250 ml three-necked flask. D 20 
(100 ml, 99.5%) and DCl (20% in D 20) were added in that 
order to the solution with swirling to give about 0.05 N 
DCl. The flask, fitted with a double surface condenser 
carrying a silica gel guard tube, was flushed with a stream 
of nitrogen which had been bubbled through D20. On warm-
ing, the separated procyanidin slowly dissolved with the 
appearance of faint pink colour. The reaction was kept on 
1 I 
- 133 -
a boiling water bath for 16 hr and, after cooling, the sol-
ution was extracted with ethyl acetate (3 x 30 ml). The 
ethyl acetate extract was washed with water (3 x 30 ml), 
dried over anh. Na 2so4 and evaporated under reduced press-
ure. The residue was dissolved in acetone and the catechin 
fraction separated by PLC. After purification on a short 
column of neutral alumina (ether containing 1% ethanol), 
the crystalline 6,8-d 2-catechin/epicatechin 5,7,3
1 
,4 1 -
tetramethyl ether weighed 13 mg (28.2%, expressed on the 
basis of one catechin unit in the molecule). 
( i i ) CH3COOD in D 20 in a sealed ampule:-
Procyanidin C methyl ether (120 mg), freshly distilled 
acetic anhydride (7 ml) and D 20 (33 ml, 95.5%) were sealed 
in a pyrex ampule and heated for 16 hr in a water bath. 
The yield of 6,8-d 2-catechin/epicatechin 5,7,3
1 ,4 1 -
tetramethyl ether, isolated as described above, was 16 mg 
(40.0%). 
(iii) D20 - dioxan in a sealed ampule:-
Cleavage of procyanidin C methyl ether (200 mg) with 
n2o (50 ml) and dioxan (25 ml), under identical conditions 
as above, was also effected. The yield of 6,8-d 2-catechin/ 
epicatechin 5,7,3' ,4 1 -tetramethyl ether was 16 mg (24.4%). 
(iv) DCl in Et0D over zinc dust, reductive cleavage:-
Procyanidin C methyl ether (270 mg) and oven-dried zinc 
powder (2.7 g) were covered with Et0D (34 ml, 83% Et0D by 
1 
I 
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NMR) 1n a 100 ml reaction flask, fitted with a double sur-
face condenser carrying a silica gel guard tube. DCl (16 
ml, 20%) wqs added to the solution and the flask was heated 
under reflux for 1 hr. The reaction mixture was then dil-
uted with water (100 ml) and extracted with ethyl acetate 
(3 x 50 ml). The extract was dried and the solvent removed 
under reduced pressure. The residue was separated by PLC 
to yield 6,8-d 2-catechin/epicatechin 5,7,3' ,4
1
-tetramethyl-
ether (21 mg, 23.6%). 
Exchange reactions of model compounds with deuterium 
oxide 
The following procedure was used:-
~he compound (100 mg) was dissolved 1n dry dioxan (15 
ml) 1n a thick-walled Pyrex glass ampule and the solution 
was diluted with n2o (50 ml, 99.5%). More dry dioxan (5-
10 ml) was added if much of the dissolved compound came out 
of solution. The sealed ampules were thoroughly shaken to 
disperse the precipitates, if any, and placed in a boiling 
water bath for 16 hr. The cooled reaction mixture was 
extracted with ether (3 x 20 ml) in the usual way. The 
residues, obtained on evaporation, were examined by NMR. 
To avoid the possibility of back-exchange, any contact of 
the isolated compounds with acids, bases or active surfaces 
was avoided. 
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Preparation of reference compounds 
( i ) ( + ) - D i hydro q u er c e t i n 5 , 7 , 3 ' , 4 ' - t e t r a."'Il e thy 1 
153 
ether : Dihydroquercetin ( 3 g) was dissolved in dry 
acetone (100 ml) 1n a 250 ml flask fitted with a dropping 
funnel reaching below the surface of the reaction. Anh. 
potassium carbonate (25 g) was added and the solution 
brought to gentle boil under reflux. Dimethyl sulphate 
(10.5 g) was added drop by drop over a period of 1 hr and 
the reaction was refluxed for another 16 hr. The mixture 
was filtered, the inorganic residue extracted with acetone, 
and the combined filtrates evaporated under reduced pressure. 
Two recrystallisations from ethanol gave dihydroquercetin 
tetramethyl ether as colourless needles (78%), m.p. 168°. 
( i i ) 5, 7,3' ,4' -Tetramethoxyflavan-3,4-diol 6 2 :-
(+)-Dihydroquercetin 5,7,3' ,4 1 -tetramethyl ether (360 mg) 
was dissolved in methanol (80 ml) and the solution was 
cooled in an ice bath. Potassium borohydride (280 mg) was 
added in four portions with swirling and the solution was 
allowed to stand at room temperature for 16 hr. After 
acidification (0.5 ml of acetic acid), the solvent was 
removed under reduced pressure and the residue was dissolved 
in ethyl acetate, washed with mannitol solution (5%) and 
water, dried and evaporated. Crystallisation from methanol 
yielded compact crystals (102 mg; 28%), m.po 
0 
207 (L . 62 1 t. 1 
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0 
m•?• 198 ); RF Ool4, TLC solvent 1. Fine needles of the 
other epimeric compound (203 mg; 0 64%), m.p. 172, separ-
ated from the mother liq ors; RF 0.22, TLC: solvent 1. 
( ii i ) 122 Cy an i di n ch 1 o r i de 5 , 7 , 3 1 , 4 1 - t e tr am e thy 1 e th er : -
A mixture of the crystalline epimers of 5,7,3' ,4 1 -
tetramethoxyflavan-3,4-diol (100 mg) was heated with the 
proanthocyanidin reagent (100 ml) for 1 hr. The product 
154 
was purified on a cellulose column and crystallised 
from ethanol-cone. HCl (1:1 v/v) 0 in 26% yield, m.p. 201 • 
(iv) Cyanidin 5,7,3' ,4'-tetramethyl ether carbinol 
base: - Cyanidin chloride 5, 7,3' ,4 1 -tetramethyl ether ( 20 
mg) 1n methanol containing 1% HCl (20 ml) was slowly added 
with agitation to a saturated solution of sodium carbonate 
( 100 ml) • The red co lour was immediately discharged; the 
solution was warmed for 5 min, cooled in ice and extracted 
with ether (3 x 25 ml). The dried ether solution was evap-
orated to leave a pale yellow glass (18 mg) which readily 
converted to an thocyani din on acid treatment. 
( V) 198 2'-Hydroxy-3,4,4' ,6'-tetramethoxychalcone :-
199 2-Hydroxy-4,6-dirrethoxyacetophenone (11 g) and vera-
traldehyde (9.5 g) were added to aqueous KOH (60%) over a 
period of 30 min with swirling and cooling in an ice-salt 
bath. The reaction was allowed to stand overnight. Water 
was added to the mixture to dissolve the potassium salt of 
the chalcone and the solution poured over ice (500 g) 
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containing excess HCl. After standing for 30 min, the 
chalcone was collected and crystallised fr~m ethanol; 
yield, 13.1 g (68%); 0 m.p. 158 . 
(Vi) 200 5,7,3' ,4 1 -Tetramethoxyflavanone :-
The above chalcone (13.1 g) was dissolved in ethanol (500 
ml) and 3 N HCl (100 ml) was added to the solution. After 
refluxing for 24 hr, the solution was filtered and left 
overnight to allow the unreacted chalcone to crystallise 
out. The solutions were evaporated and the flavanon e 
recrystallised from ethyl acetate; 
0 
y i e 1 d ( 5 1 % ) , m • p • 1 60 • 
(vii) 5 , 7 , 3 ' , 4 1 -Te t ram e tho xy f 1 av an : -
Adam's catalyst (0.125 g) was suspended in dioxan (10 ml), 
which had been dried by passing through a column of alumina 
f o llowed by distillation, and hydrogenated at atmospheric 
pressure. The abov e flavanone (500 mg) in purified dio x an 
(20 ml) was introduced through the side arm of the flasko 
When the uptake of hydrogen ceased, the solution was filtered 
and evaporated under reduced p ressure. The flavan was 
recrys tallised from ethanol; 
111 o) • 
. 0 . 201 yield (7 2% ), mop. 10 9 (Li t . , 
- 13 .8 -
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